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ABSTRACT
U.S. Air Force installations are a critical element of U.S. national defense located
throughout the United States. These bases are part of the commercial/institutional building
sector, and are similar to college campuses and small cities. This research investigates the
applicability of combined heat and power systems at U.S. Air Force bases. Published studies
shows a high compatibility between U.S. Air Force bases and combined heat and power systems,
but the technical and economic issues unique to military applications are not well-characterized.
Federal, DoD and U.S. Air Force energy policies require drastic improvement in energy
efficiency and environmental impact while implementing new energy sources to meet published
goals. Combined heat and power application at U.S. Air Force bases is analyzed with these
considerations using three methods to further characterize the potential to utilize these systems.
This thesis develops and applies a methodology to evaluate the technical and economic
applicability of combined heat and power systems at U.S. Air Force bases. Results show that 38
bases within the U.S. have favorable economic conditions to use combined heat and power. An
in-depth study at five bases using monthly utility data shows combined heat and power is a
feasible alternative that can provide increased energy security, reduced emissions, and an increase
in source-based energy efficiency when utility pricing is favorable. A technical application study
is performed at Hill AFB using hourly data and a truncated-year analysis to further characterize
site-specific applications factors for these systems. Finally, applicable energy mandates and goals
for the U.S. Air Force are reviewed to establish the climate for combined heat and power systems.
Ultimately, the author proposes a change in U.S. Air Force policy to address the energy sourcebased efficiency and savings possible by utilizing combined heat and power systems.
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Chapter 1

Introduction
This thesis investigates the utilization of combined heat and power systems at U.S. Air
Force installations by establishing site specific application factors as well as characterizing its
technical and economic viability. Combined heat and power (CHP, or cogeneration) systems
create both useful thermal and electrical or mechanical energy with a single fuel source. These
systems can increase fuel utilization efficiency and electrical generation reliability for the
facilities they serve. A subset of facilities or campuses that can be served by this type of system
is a military base. Military bases are similar to small cities and are large consumers of energy,
with many different building types and diversified load profiles. Previous research projects have
cited high application potential for CHP systems at military bases, but few locations have utilized
this approach. This research explores the CHP potential at USAF installations, AF service
requirements to be considered in the application of these systems, and the benefits that can be
realized by utilizing CHP at locations where applicable. The USAF is largest energy consumer in
entire Department of Defense (DoD) with 12% of its total energy use coming from facilities
(USAF A4/7 2010), making efficient energy use of paramount concern. This thesis discusses the
manner in which the application of CHP can assist in reducing the Air Force‘s total energy use
and carbon footprint, while increasing energy security.

1.1 Thesis Objectives
The expected outcome of this research project is a bridging analysis between the CHP
potential of all USAF bases and an individual installation detailed feasibility study. This thesis
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will assess CHP application at U.S. Air Force bases by using site specific details and data.
Results from this analysis will be used to formulate USAF considerations for future CHP
applications. In addition, the following outcomes are expected:
1) Define USAF application and limiting factors for the utilization of CHP systems.
Derive ranked importance of energy mandates and goals affecting CHP system
application.
2) Build on prior CHP application studies with quantitative evaluation of the
expected performance of CHP systems at USAF installations utilizing sitespecific criteria.
3) Conduct a detailed case study with technical and economic CHP application
analysis to support a life-cycle evaluation of source energy options at a USAF
base.
While this thesis seeks to focus on the application of CHP at U.S. Air Force installations,
its results will be applicable to other campus-style entities. Fundamental critical mission
requirements set military bases apart from civilian facilities in some aspects, but the two are
rarely mentioned exclusive of each other. Methods and lessons learned from this research will be
translatable to future combined heat and power application research.

1.2 Thesis Overview
Chapter 2 is a review of literature pertaining to the application of CHP at U.S. Air Force
bases. Previous studies examining the technical potential of CHP at Air Force bases are
reviewed, as well as case studies of prior applications, policies and mandates affecting CHP
implementation, and current base physical plant operations. Chapter 3 details the methodology
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used to conduct this research and perform the supporting analysis. Chapter 4 breaks down the
Level I feasibility studies conducted for the five participating bases in this thesis. Additionally, a
wider-encompassing CHP application metrics study is presented. Chapter 5 contains the results
of the detailed Level II technical analysis performed for Hill AFB. An in-depth study of this
location is performed to explore the major application issues that can arise when considering
CHP, and to evaluate an option for Hill AFB to improve their source energy efficiency. Finally,
Chapter 6 discusses the results of this research project and offers a summary of the limitations of
this thesis and possible future research topics.

4

Chapter 2

Literature Review
Published research shows a high compatibility between U.S. Air Force bases and CHP
systems, but the technical and economic issues unique to military applications are not wellcharacterized for individual installations. This review begins with studies estimating potential
CHP capacity, which identify some of the site specific factors needed to accurately evaluate
military applications. Military and civilian campus-style CHP system case studies are presented
together since they have similar energy utilization profiles and tend to use district heating.
Energy security is shown as a major issue for most military bases, but its requirements are not
fully understood or published. CHP‘s role as a security enhancer is considered since the U.S. Air
Force policy to decentralize district heating systems removes potential CHP applications each
year. As an alternative, building CHP systems independent of district energy systems are also
discussed since most application potential studies are based on building energy use, not district
energy systems. Ultimately, CHP applications at bases with district energy systems are selected
as a focus area due to the current focus on central plant performance. This review shows a CHP
system‘s application potential to U.S. Air Force bases, as well as expected benefits to current
energy requirements, security strategies, and physical plant operations.

2.1 The Technical Potential to Apply CHP at U.S. Air Force Bases
Application of CHP at military bases is not a new idea, but today‘s focus on immediate
energy reduction and environmental impact by the U.S. government reinforces the need to
consider this option. Typical U.S. Air Force facilities and energy utilization characteristics elicit
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CHP design, which is supported by technical potential research studies. Research deriving the
potential for CHP application estimates how much capacity could be served with CHP systems
based upon building‘s energy use and costs. These studies show there is a high potential CHP
capacity within the commercial/institutional building sector, which the U.S. Air Force is a part of.
Studies focusing on the potential CHP capacity of the federal government show the U.S. Air
Force has the highest technical potential compared with other federal agencies, necessitating
further study. All of these reports base potential CHP capacity on individual building energy use,
but include existing district energy systems, the focus of this thesis, as a factor that increases this
technical potential. A review of typical USAF base facilities and relevant studies of the
commercial/institutional category they belong to is presented next, demonstrating the
applicability of CHP systems at U.S. Air Force bases.
Military bases are grouped into a commercial/institutional facilities category because of
their size and tendency to utilize district energy systems (Meckler and Hyman 2010). Other
buildings in this category include hospitals, hotels, university campuses, supermarkets, large
housing complexes, research and development, laboratories, and large offices. A typical U.S. Air
Force installation is similar to a small city and has a wide array of facility types, shown in Table
2-1. Most of the buildings in Table 2-1 are included within the commercial/institutional facilities
category. According to Meckler and Hyman, the application of CHP systems to commercial
buildings is normally driven by their building energy use profile. Concurrent thermal and electric
loads with high operating hours are ideal characteristics for a CHP system, but may not occur in a
commercial facility. While many U.S. Air Force and commercial facilities operate similar to a
business, military bases also have unique work centers occupied 24 hours per day. These work
centers can diversify an installation 24-hour load profile, flattening the shape of transient thermal
and electric curves. U.S. Air Force and commercial/institutional facilities have similar building
characteristics as well as factors for applying CHP.
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Table 2-1: Typical U.S. Air Force base facilities.
CATEGORY

Wing/
Operations

Mission Support

Housing

TYPE

TYPICALLY OCCUPIED

Headquarters

Daily (12 hours)

Command and Control

24 hours

Operations Centers

24 hours

Alert Centers

24 hours

Runways / Flight line / Control Towers

24 hours

Judge Advocate General

Weekday

Comptroller

Weekday

Public Affairs

Weekday

Museum

Weekday

Personnel / Offices

Weekday

Fitness Centers

Daily (18 hours)

Civil Engineering

Weekday

Communications

Weekday

Network Control Center

24 Hours

Supply

Weekday

Logistics

Weekday

Vehicle Operations

Weekday

Academic Centers

Weekday

Community Centers

Daily (12 hours)

Recreation

Daily (12 hours)

Library

Daily

Bank

Weekday

Car Wash / Automotive Center

Daily

Fire Department

24 hours

Child Development Center

Weekday

Golf Course

Daily

Chapel
Exchange Retail Center / Service
Station

Daily

Commissary (Grocery)

Daily - Business

Contracting

Weekday

Fuels Management

24 hours

Mobility Centers

Weekday

Dormitories

24 hours

Family Housing

24 hours

Temporary Living Facilities

24 hours

Billeting

24 hours

Daily - Business

7

Maintenance

Medical

Security

Dining Facilities

Daily

Housing Administration

Weekday

Maintenance Operations

24 hours

Aircraft Hangers

24 hours

Testing Labs

Weekday

Weapons Storage Areas

24 hours

Hospital

Weekday & 24 hours

Dental Clinic

Weekday

Entry Control

24 hours

Security Operations Centers

24 hours

Law Enforcement

24 hours

Dog Kennel

24 hours

Security Administration

Weekday

Base Armory

24 hours

Combat Arms Ranges / Classrooms

Weekday

2.1.1 Onsite Study
Market potential for commercial/institutional CHP applications in different building
types has been profiled by Onsite (Onsite 2000) and gives pertinent results to consider for Air
Force CHP applications. Onsite‘s technical approach identified buildings types where CHP could
reasonably be applied, quantified those building types, and estimated the CHP potential for each
category. Economics were not considered in the study because its goal was to establish the
technical potential capacity for CHP. Existing CHP systems and building energy consumption
data were analyzed to select target applications. These application building types were quantified
using the MarketPlace database based on Dun & Bradstreet business listings. The capacity of
CHP potential was then estimated based on the number of target application buildings; assuming
systems were sized to meet average electrical loads (Onsite 2000). This approach gives useful
results, but sizing a CHP system to maximize utilization of thermal output leads to higher load
factors than designing to meet a building‘s electrical load (Meckler and Hyman 2010).

8
Estimating potential CHP capacity by assuming a system will meet a facility‘s thermal load and
taking electricity as a byproduct is more representative of current practice, and would provide
more meaningful results. Nonetheless, Onsite‘s profile of the commercial/institutional category
yields relevant findings to characterize CHP applicability at a USAF base, which are explored
below.
The results of the Onsite CHP market potential study show approximately 75,000
megawatts of potential electric capacity exist for the commercial/institutional category. Although
CHP application potential is large, market penetration for the commercial/institutional category is
not with the exception of colleges and university campuses. U.S. Air Force bases are in the same
category as universities, but do not have the same level of market penetration for CHP
application. Historically, Air Force installations utilized district heating systems about the same
as campuses, but their use is declining each year, reducing CHP potential. Onsite shows 63% of
existing CHP systems for the commercial/institutional market are 20 megawatts or greater. Yet
small, less than one megawatt systems make up 62% of the 75,000 megawatt potential found in
the study. 75,000 megawatts is significant, but the approximate number of buildings it represents
is only 5%. Onsite suggests an expansion of technologies that focus on thermal energy utilization
would also increase the potential and number of applicable buildings for CHP applications.
Because thermal energy for space heating is seasonally dependent, increasing its utilization
during non-heating seasons will improve load factor. CHP market potential conclusions for the
commercial/institutional sector are a starting point for evaluating U.S. Air Force installations.
Onsite‘s continued study focusing on CHP feasibility in federal buildings is reviewed next to
further define U.S. Air Force base CHP application potential.
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2.1.2 Energy Nexus Group Study
An Onsite subsidiary (Energy Nexus Group 2001) screening of federal facilities ranks
them by their potential to economically benefit from CHP in the near term. The report states that
military bases with central heating and cooling plants are a high scoring CHP application, based
on their ranking criteria, shown in Table 2-2. The group surveyed all federal sites with central
plants (or an interest in on-site power) in California, Texas and New England, because these areas
traditionally support CHP applications. The CHP systems are either sized to meet facility thermal
or electric loads, and both cases are presented. The scope of this assessment focuses only on
existing federal facilities in a limited area that could consider CHP. Buildings with greater than
100,000 square feet of space and power requirements greater than one megawatt were considered
compatible. The information was voluntarily collected and the 373 megawatt calculated CHP
potential represents only a portion of the federal total. Data gaps for entire categories of federal
sites surveyed were identified, notably U.S. Air Force bases.
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Table 2-2: Energy Nexus Group scoring system.
Criteria

Description

Maximum
Possible
Points

Electric Load

The economics of CHP are enhanced through the economies
of scale. Electric load is the first indicator for the plant‘s
potential size

12

Central Plant

A central plant indicates the prior existence of a distribution
system for the delivery of thermal energy.
The avoidable electric rate is the primary source of energy
cost savings.
If CHP can provide relief from grid reliability problems, its
value is enhanced.

12

Daily Load Variation
Un-met Need for
Standby Power

Flat daily loads improve the economics of CHP
If the purchase of electric standby equipment was
envisioned, perhaps a CHP can provide the needed
redundancy to the grid instead.

4
2

Seasonal Load Variation
Fuel Cost

Flat seasonal loads improve the economics of CHP.
The cost of fuel is the primary operating cost of a CHP plant.
Lower cost fuel is good.
Boiler or electric chillers in need of replacement can be
replaced with waste heat boilers and absorption chillers that
accommodate CHP.

3
4

Thermal Load

The fuel saved in providing heat from a CHP system to a
thermal load is the second major source of energy savings
for CHP and provides for its intrinsic efficiency.

5

Air Quality Permits

Difficult air quality standards pose additional first costs and
operating costs on CHP.
A central plant that is already adequately staffed removes the
need for additional staff to operate and maintain the CHP
facility.

4

This is an indicator of institutional interest in CHP and it
could also shorten the time to eventual CHP installation.
Indicates that the facility will be around for a sufficient
period of time to realize the full potential of an installed
CHP plant.
It is generally most cost effective to complete all of the least
costly efficiency measures before embarking on plans to
install CHP.

5

Electric Rate
Grid Reliability

Condition of Existing
Thermal Equipment

Presence of a Licensed
Engineer
Existing CHP Studies or
Plans
Mission Stability

Progress on Energy
Efficiency Measures

12
4

2

4

12

3

Existence of an Alliance
with an ESCO

Generally, but not always, the existence of an ESCO on site
provides an extra measure of knowledge and perhaps the
source of capital for the installation of CHP.

2

Willingness to Cooperate
with FEMP on a
cogeneration study.

Interest is always an important indicator of potential success
regarding the installation of CHP.

10

Maximum Total Points
Source: (Energy Nexus Group 2001)

100
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2.1.3 Federal Energy Management Program Study
A Federal Energy Management Program (FEMP) study of CHP potential at federal sites
starts to fill this gap, and shows the Air Force has the biggest share of potential CHP capacity at
338 megawatts (FEMP 2002). To generate this data, FEMP surveyed 28 Federal Agencies and
categorized their buildings into seven different classes. The breakdown of the 338 megawatt
potential CHP capacity for the U.S. Air Force in each one of these seven classes is shown in
Table 2-3.
Table 2-3: FEMP study facility types and U.S. Air Force capacity.
FACILITY TYPE

POTENTIAL CAPACITY, MW

Hospitals

43

Industrial

57

Offices

31

Prisons

0

Research & Development

85

School

7

Service

116

TOTAL
Source: (FEMP 2002)

338

The model used to assess this potential calculates energy use and costs for the different
facility types shown in the table above. Based upon an individual facility type‘s energy
consumption, a potential Building CHP capacity is estimated. The potential CHP capacity using
district energy systems for the U.S. Air Force and Table 2.3 facility types is not assessed, but
FEMP states, ―The potential will be greatest in large sites with central plants or mechanical rooms
and high electricity rates‖ (FEMP 2002). Buildings with simple paybacks less than 10 years were
considered as having potential. The CHP system used for this analysis was assumed to match
thermal loads with electricity as a byproduct from recovered energy, which differs from the
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Onsite technical market potential study. A base case was established to formulate FEMP‘s results
with the following assumptions (FEMP 2002):
Prime mover was reciprocating gas engine at May 2002 cost & available
efficiencies.
Energy prices were at state industrial rates for the year 2000.
75% / 50% electric demand was supplied by CHP system with 85% / 35% load
factors. The percentage used depended on building type and size.
Only a percentage of CHP compatible federal facilities were considered; not all
compatible facilities could utilize CHP due to site specific variables.
All recoverable waste heat was utilized by the facilities.
Only systems with a simple payback less than 10 years were considered
compatible.
Figure 2-1 shows the results of potential CHP capacity based on averaged cases, and
illustrates the importance of further investigating CHP use at U.S. Air Force bases. The Air
Force has the largest potential CHP capacity (22%) of the major federal agencies studied (FEMP
2002). The 338 megawatt potential (previously broken down in Table 2-3) is an estimated figure
that does not account for site specific variables such as available utilities and existing
infrastructure condition, but shows the Air Force is the top federal candidate for more in-depth
study. Figure 2-2 details the distribution of all potential federal CHP capacity across the country;
an important reference for U.S. Air Force bases, which are located in all climatic areas of the
country. With this level of potential, the question arises, why hasn‘t CHP been implemented on
more installations nationwide?
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Figure 2-1: Potential CHP capacity for major federal agencies. Total 1590 MW (FEMP 2002).

Figure 2-2: Distribution of potential CHP capacity in federal sites under base case, MW (FEMP 2002).

To answer why building and district CHP system implementation at U.S. Air Force
installations is limited, site specific variables for bases need to be identified. FEMP identifies
some site specific considerations in Table 2-4, but the study was not broad enough to include
them in the analysis. A common agreement among CHP literature is analyzing site specific
variables is paramount when assessing CHP potential, but wide ranging studies cannot
accomplish this. The methodology for FEMP‘s calculations used state and region averages as a
substitute for individual site inputs. FEMP also recognizes the results reported can vary widely
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depending on the base case assumptions made. FEMP‘s data provides an estimate of CHP
potential based on building energy utilization at U.S. Air Force bases, but further analysis should
consider site specific variables and existing district energy systems to better define this potential.
Table 2-4: FEMP site specific variables for CHP application.
VARIABLE

DESCRIPTION

Non-Economic Considerations

Energy Security, Quality, Emissions.

Installation Costs
Fuels and Infrastructure

Highly variable depending on State and Utility subsidies and fees.
Sites available fuel, equipment conditions, planned renovations.
Study assumed limited percentage of facilities were CHP compatible.

Energy Intensities

Vary widely between Federal facilities in different regions.

Fuel Prices
Source: (FEMP 2002)

Electricity and Gas prices vary widely from State to State. Study did
not consider peak-shaving and load reduction applications.

2.1.4 U.S. Department of Energy Study
The U.S. Department of Energy (DOE) published a wider encompassing building
assessment beyond FEMP‘s federal government study which estimates military bases have
approximately 1,800 megawatts of CHP potential (Resource Dynamics Corporation 2002). The
assessment calculates potential with a spreadsheet based model, assuming CHP units are sized at
average site electrical loads (excluding air conditioning) similar to the 2000 Onsite study, and is
also based upon building capacity. Site requirements to consider buildings good CHP candidates
included compatible utility service, distribution systems, and a minimum payback of 10 years.
Figure 2-3 illustrates the study‘s results and provides another data point for CHP potential at
military bases.
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Figure 2-3: CHP potential for various building types (Resource Dynamics Corporation 2002).

Comparing the FEMP and DOE studies on CHP potential yields different results due to
different assessment criteria. The FEMP study specifically focused on federal facilities whereas
the DOE study was a whole market assessment, listing the military as a single building type
within it. Both studies estimate CHP potential capacity based on building energy utilization, and
do not consider district energy systems. The total CHP potential in the FEMP report is 814
megawatts for the Air Force, Army and Navy. The broader DOE study assesses total military
building CHP potential closer to 1,800 megawatts, but does not specify what service branches this
entails. The economic cutoff for the DOE study was a minimum 10 year payback compared with
a conventional HVAC system. Both of these studies are generalized in the sense they do not
consider site specific factors for CHP application, which was not possible for either type of
report. Both do show that it is beneficial to look at CHP applications at military bases,
specifically the Air Force. Further study of this branch will allow for more levels of detail and
service requirements to be considered in the application of CHP Systems.
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The studies summarized above present the potential CHP capacity for buildings, and
indicate U.S. Air Force bases and facilities are a favorable application for these systems. Data
suggests many Air Force buildings are compatible with CHP systems. Utilizing CHP with
existing district energy systems would then be the most logical application, due to the fact they
increase potential capacity. These studies provide part of the motivation and justification for an
individual CHP application study at USAF bases, the subject of this thesis.

2.2 Case Studies – CHP Application with District Energy
Research shows the U.S. Air Force has the highest CHP application potential in the
federal government, yet the use of these systems is uncommon. A limited number of published
case studies on combined heat and power projects applied at military bases are available.
Military bases, university campuses and large building complexes all share similar application
considerations, therefore case studies from civilian applications are reviewed as well. While
individual locations have varying factors contributing to CHP efficiency and economics, the
outcomes are important, no matter the location. These different cases are used to evaluate lessons
learned and to demonstrate successful application of various CHP technologies at locations
utilizing district energy systems. The following case studies reinforce the previous market
assessments by showing actual uses of CHP systems and the benefits they have provided users.
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2.2.1 Fort Bragg
The Fort Bragg CHP system in North Carolina has been reviewed in a number of
publications due to its success. In 2004, a combustion turbine CHP system was installed at the
82nd Airborne‘s Central Heating Plant, the largest of 14 on the post, serving approximately 50
barracks (Meckler and Hyman 2010). The main financing for the project was in the form of an
Energy Savings Performance Contract (ESPC), which is estimated to save the post $1.8 million
each year (U.S. Department of Energy 2009). The system includes a five megawatt combustion
turbine generator, a 1,000 ton absorption chiller, a heat recovery steam generator, and an auxiliary
gas-fired duct burner. The combustion turbine is dual fuel capable with either natural gas or fuel
oil. The plant provides district heating with 125 psig steam and supplies a year round demand for
food service process hot water and domestic hot water. The absorption chiller makes 45 degrees
Fahrenheit chilled water for district cooling of select buildings. Operator feedback included in
the case study notes after four years of operation, maintenance was more of a burden than
expected. Contractors were called in to perform specialized maintenance work due to the unique
nature of the double-effect absorption chiller running directly from the turbine generator‘s
exhaust. The chiller is operating in parallel with the HRSG, and is highlighted to better
characterize the overall design. Although the case study indicates the Army is considering
modifying the chilled water side of this plant, the design represents a method to efficiently meet
loads and utilize primary energy.
The Fort Bragg CHP system is a Federal demonstration project in partnership with the
FEMP to characterize CHP energy and financial savings. After a Honeywell-led team brought
this system online, performance was measured in detail for one year (June 2004 – August 2005)
to capture lessons learned for future applications (Meckler and Hyman 2010). Monthly net
efficiencies varied from 63% to 80.2% depending on the time of year, shown in Table 2-5.
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Table 2-5: Fort Bragg CHP System operational results, Sep 2004 through Aug 2005.

2004

2005

Turbine
Runtime (h)

Absorption Chiller
Runtime (h)

Net Monthly IES System
Efficiency (%)

September

338

-

65.4

October

635

-

63

November

513

-

72

December

445

-

67.2

January

730

-

72

February

668

-

74.1

March

688

-

80.2

April

702

-

74.2

May

672

404

67.9

June

651

648

76

July

695

693

77.2

705

73.7

735
August
Source: (Meckler and Hyman 2010)

These system efficiencies are defined as (useful energy output / total energy input from
fuel), on a lower heating value basis. Meckler and Hyman‘s case study notes that during the 2004
summer period, system runtime was reduced because of extended commissioning and delays with
the emissions operating permit. Additionally, the study notes the system‘s duct burner was
brought on line in March of 2005, significantly increasing steam production. Table 2-6 from
Meckler and Hyman‘s case study represents energy utilization efficiency for the monitored year.
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Table 2-6: Fort Bragg CHP System energy utilization, Sept 2004 through Aug 2005.
Fall 2004

Input energy (MMBtu)

Turbine fuel oil

3,029

120

Turbine gas

111,934

169,347
-

Duct burner gas

Output energy (MMBtu)

Winter 2005

Summer 2005
155,605

9,168

-

Total input

114,963

178,635

155,605

Unrecovered
turbine energy

37,511

43,131

43,702

HOURSG steam
Net turbine
electric

44,126

86,064

52,057

32,647

48,434

43,073

-

19,521

Net absorption
cooling
Total output
Net IES Efficiency

114,284

177,629

158,353

66.8%

75.3%

73.6%

Source: (Meckler and Hyman 2010)

Seasonal variations in efficiency can be seen, as well as different utilizations of waste
heat from the combustion turbine. Turbine exhaust is used during May through August 2005 to
produce chilled water. During the fall and winter months this exhaust stream energy is used to
produce steam for space heating and process loads. The Fort Bragg system operation is
optimized each hour, taking utility pricing, loads, system efficiency and weather into
consideration (Meckler and Hyman 2010). This operation scheme accounts for the transient
energy production as a results of variable utility pricing. The Fort Bragg CHP system shows the
successful conversion of a military central heating plant into a CHP district energy scheme, while
being funded from energy savings and increasing fuel utilization efficiency.
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2.2.2 Naval Station Great Lakes
The Naval Station Great Lakes training base began operation of a CHP system during the
summer of 2005. The project was financed by a third party using a Utility Energy Savings
Contract (UESC), and produces up to 14 megawatts of electric and 100,000 lb/hr of high pressure
steam energy. Two 5.5 megawatt Solar Taurus 60 turbine generators with heat recovery steam
generators and two 1.5 megawatt backpressure steam turbines were brought together when
renovating the base‘s central plant.
The primary motivation for CHP in this project was to improve the central plant while
complying with Energy Policy Act directed reductions in energy consumption (Midwest CHP
Application Center 2007). The result of this work was a projected annual savings of $3.5 million
stemming from a $34 million dollar initial investment. The advantages of this upgrade include a
9.6 year simple payback, grid independence, increased energy reliability, emissions reduction and
fuel flexibility (natural gas and No. 2 fuel oil). This case allowed a military base to realize the
benefits of CHP while financing the upgrades with the energy savings through a third party.
The two cases presented demonstrate application of CHP at military bases with central
heat plants. A common theme between these projects is increased plant efficiency while saving
money, which is a primary goal for third-party financed projects for the Air Force. Individual site
considerations will dictate the requirements for applying CHP at U.S. Air Force bases, but the
cases presented are a starting point for considering system designs that have been successfully
applied in the past.
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2.2.3 Civilian CHP Applications with District Energy
Military bases, including Air Force bases, are similar to some medical and university
campuses in size and energy demands. Both military and civilian campuses with district energy
systems are good candidates for CHP systems under favorable economic conditions. Reviewing
successful applications of CHP at campuses similar to military bases demonstrates a number of
key points, including: successful CHP plants are located in various locations and climate regions
(as are U.S. Air Force bases), all with their own unique design considerations. The Florida,
Oklahoma and Canada cases presented all offer relevant considerations for applying CHP at a
military base.
The first district energy case is the Shands HealthCare facility in Gainesville, Florida.
The key point this case illustrates is financing for CHP systems can come from untraditional
routes. Shands HealthCare outsourced its own on-site energy center to an energy partner, a
municipal utility, to meet all of its heating, cooling and power loads (Pollitt et al. 2010). Shands
also accomplished an improvement in electric and thermal energy reliability, quality, and
environmental performance with the $45 million dollar project. While an energy partnership may
not be a universal answer for applying CHP at an Air Force base, Shands shows it is a productive
option to consider.
Another key point and option to consider for applying CHP at a U.S. Air Force base is
comprehensive energy system evaluations may yield more efficient results. In 2006, Oklahoma
University (OU) hired Jacobs to conduct a comprehensive utility system overview after stopping
the detailed design of a $20 million dollar chilled-water plant (Fox 2010). After evaluating
numerous options, the study recommended a $60 million dollar central plant with CHP. This
would save OU over $7 million dollars per year in electricity costs, and offered a lifecycle cost
savings of $15 million dollars for a 30 year period. This evaluation led to the selection of a more
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efficient long-term option, while reducing energy consumption and environmental impact. These
efficiencies were realized because the system was designed to campus‘s utility rate structure.
Strategies such as this are directly applicable to a U.S. Air Force base.
The University of Calgary cogeneration plant illustrates that central plant renovations do
not have to be designed to meet all of a campus‘s electrical loads (Phelps 2011). The U of C
plant is sized to produce heat following the university‘s thermal demand. Electricity produced by
the system will feed the campus and reduce energy purchased from the grid. The electrical power
produced is sized at the campus minimum electrical load. Overall, this will provide U of C with
approximately 75% of their total demand. This strategy can be applied to U.S. Air Force bases
with existing central plants and district energy systems.

2.3 U.S. Air Force Energy Policy and Energy Security
Aging central plants and distribution infrastructure has shifted the U.S. Air Force away
from renovating district energy systems, which was a common starting point in the five previous
case studies. U.S. Air Force bases have high CHP application potential, and locations with
similar considerations for the use of these systems have been presented. Another key literature
section requiring review is the energy policy that shapes U.S. Air Force project programming and
execution, and how CHP fits into these existing policies. This policy is broken down into four
areas: the U.S. Air Force future energy plan, the Department of Defense policy on distributed
generation, energy security and energy project funding.
Investing in high efficiency facility boilers has led to mass decentralization at Air Force
bases with central steam or hot water heating plants, with more projects programmed for the
future. The Air Force Infrastructure Energy Strategy published by the Air Force Facility Energy
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Center (AFFEC) states improving existing infrastructure will generate the majority of energy
intensity reductions at bases (Air Force Facility Energy Center 2011). A summary of the
requirements and reductions levied on U.S. Air Force building and infrastructure energy is shown
in Table 2-7. The 2010 U.S. Air Force infrastructure plan to reduce energy intensity calls for
$1.5 billion dollars to be invested in facilities, with a projected return of $2.2 billion through
fiscal year (FY) 2015 (USAF A4/7 2010). The strategy points out the Air Force has reduced
energy consumption each year, but further reductions are needed to conform with the policy
requirements given below, and budget for rising utility costs. The focus on Air Force facility and
installation energy intensity reductions illustrates the importance of finding methods that can
immediately reduce primary energy use, site energy use, and environmental impact.
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Table 2-7: Summary of Air Force building/infrastructure energy policy requirements.
TIMING

DRIVING
DOCUMENT

Improve energy efficiency and reduce greenhouse gas emissions
of the agency, through reduction of energy intensity; relative to
the baseline of the agency‘s energy use in fiscal year 2003

(i) 3 percent annually through the end of fiscal year
2015, or (ii) 30 percent by the end of fiscal year 2015

Executive Order 13423,
Section 2 (a)

Ensure that new construction and major renovation of agency
buildings comply with the Federal Leadership in High
Performance and Sustainable Buildings Memorandum of
Understanding (2006)

Immediately

Executive Order 13423,
Section 2 (f)

15 % of the existing Federal capital asset building inventory of the
agency incorporates the sustainable practices in the Guiding
Principles (MOU 2006)

End of FY 2015

Executive Order 13423,
Section 2 (f)

3% in FY07 – FY09
5% in FY10 – FY12
7.5% in FY13 – thereafter
25% by 2025 (10 USC 2911)

EPACT 2005, (Title II,
Subtitle A,
Section 203)

50% of statutorily required renewable energy must be
from sources placed into service after 1 Jan 1999.

Executive Order 13423,
Section 2

METRIC

Annual Goals for electricity generated with renewables

Increase renewable energy to 10.5% of electricity consumed.

By 2015

Increase on-base renewable energy to 3% of electricity consumed.

By 2015

Establish building performance standards--30% below ASHRAE
90.1 if life cycle cost effective

Immediately

20% reduction of physical plant that requires funds by 20%

Before 2020

EPACT 2005, (Title I,
Subtitle A,
Section 109)
Air Force 20/20 by 2020
Strategic Vision

Immediately

EPACT 2005, (Title I,
Subtitle A,
Section 104)

Must purchase Energy Star rated or FEMP designated products.
Specific products: electric motors (1 to 500 HP) and air
conditioning/refrigeration equipment.
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Energy Independence
and Security Act (EISA)
2007, (Title IV, Subtitle
C, section 432)

Verification and documentation, during the period beginning on
the initial day of the design phase of the facility and ending not
earlier than 1 year after the date of completion of construction.

Design buildings so fossil fuel-generated energy consumption of
the buildings is reduced, as compared with such energy
consumption by a similar building in fiscal year 2003
30% of the hot water demand in new Federal buildings (and major
renovations) to be met with solar hot water equipment, provided it
is life-cycle cost-effective
Comprehensive energy and water evaluations of 25% of covered
facilities each year, so that an evaluation of each facility is
completed at least once every four years
All Federal buildings shall, for the purposes of efficient use of
energy and reduction in the cost of electricity used in such
buildings, be metered. Each agency shall use, to the maximum
extent practicable, advanced meters or advanced metering devices
that provide data at least daily and that measure at least hourly
consumption of electricity

55% by 2010
65% by 2015
80% by 2020
90% by 2025
100% by 2030

None Specified

EISA 2007, (Title IV,
Subtitle C,
Section 433)
EISA 2007, (Title V,
Subtitle C,
Section 523)

None Specified

EISA 2007

1 Oct, 2012

Not later than October 1, 2016, each agency shall provide for
equivalent metering of natural gas and steam
1 Oct, 2016
Increase base energy security through on-site power generation
No time goal - proposed by author
Reduction in primary energy use by facilities and infrastructure
No time goal - proposed by author
Greenhouse Gas Reduction Goals: Reduce Scope 1 and Scope 2
GHG emissions from facilities by 34%. Reduce Scope 3
emissions by 13.5% relative to FY08 baseline.
FY2008 – FY2020 (FY08 baseline)
Source: Adapted from USAF Infrastructure Energy Plan (USAF A4/7 2010)

National Energy
Conservation Policy Act
(amended)
National Energy
Conservation Policy Act
(amended)

FY2010 DoD Strategic
Sustainability
Performance Plan
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2.3.1 USAF 2010 Infrastructure Energy Plan
The 2010 Air Force Infrastructure Plan is a part of the overall Air Force Energy Plan, and
focuses on infrastructure energy goals, objectives, and metrics (USAF A4/7 2010). The main
goals listed in the plan are to reduce demand through conservation and efficiency, increase supply
through alternative energy resources, and culture change. The plan also states the Air Force is
committed to reducing greenhouse gas emissions and carbon footprint by reducing their direct
and indirect use of fossil fuels by facilities and vehicles. An example given for indirect
consumption is the use of electricity from the national grid. The AF strategy shown in Figure 2-4
lists four pillars for reaching these goals; improve current infrastructure, improve future
infrastructure, expand renewables, and mange cost. The first two pillars of this plan focus on
how buildings consume energy, rather than where they receive it. The manage costs section
focuses on utility contracts, on-base utility inefficiencies and population education. The expand
renewables pillar address installation energy sources, which CHP application is an option for
(CHP is typically not considered renewable, but is a possible base power source).
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Figure 2-4: Air Force Infrastructure Energy Plan (USAF A4/7 2010).

The U.S. Air Force 2010 plan focuses on renewable solar, wind, biomass, and
geothermal sources for installation energy, and does not cover CHP systems. The DoD goal for
on-base generated power from renewables is 25% of installation consumption by the year 2025.
The other 75% of power for bases must then be considered. By 2030, the DoD goal is to have
zero installation power provided by fossil fuels. What is the future primary power source for U.S.
Air Force bases? On-base renewable energy is cited, with the future goal to ―island‖ bases and
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nearby communities from the national grid. According to the Air Force 2010 plan, ―For the Air
Force, on-base generation is the preferred approach, to increase supply security and decrease
stress on the national electric grid‖ (USAF A4/7 2010). The availability and reliability of
renewable resources is limited, and energy storage options still remain inefficient. Alternative
fuels can also be used to provide power, but until these fuels are consistently available to bases,
CHP systems can be implemented. This puts the infrastructure in place to use future alternative
fuels while increasing current fossil fuel utilization efficiency, energy security and power
reliability. U.S. Air Force installations will continue to depend on the national power grid until
they can provide their own power in a reliable manner. The national electrical grid is primarily
powered with fossil fuels, and the Air Force does not have direct influence over these power
producers. The application of CHP systems at military installations offers a method to meet the
renewable and fossil fuel goals that cleanly and reliably provides power while future technologies
are being developed for alternative fuels.
According to the 2010 plan, the Air Force is actively partnering with DOE and DoD to
define and achieve net-zero energy installations; the first designated location is the United States
Air Force Academy in Colorado Springs, CO. Net-zero energy installations are meant to serve as
a model for other locations to replicate, and are the goal for all other bases in the future. The
2009 U.S. Air Force Academy Energy Strategic Plan states this installation hopes to be net-zero
for electrical consumption by 2015, and carbon neutral by 2025. CHP systems are not included in
the plan, but some renewable energy opportunities being explored are solar, hydro, wind, and
waste-to-energy power, biomass fermentation, geothermal heat pumps and decentralization of
heat sources.
Combined Heat and Power systems can offer up to 30% reductions in carbon foot print
immediately upon installation due to a reduction in fuel consumption. The reduction of carbon
dioxide and other greenhouse gas emissions (GHG) is a requirement that will only continue to

29
become more stringent over time. Executive Order 13423 requires greenhouse gas emissions to
be reduced through a reduction in energy intensity: 3 percent annually or 30 percent by the end of
FY 2015 using 2003 as a base year. The FY2010 DoD Strategic Sustainability Performance Plan
lays out the exact guidance on GHG emission reduction, shown above in Table 2-7 (U.S.
Department of Defense 2010). The target goal for DoD is a 34% GHG reduction from FY2008 to
FY2020 for Scope 1 & 2 type emissions. Scope 1 emissions are direct from DoD owned or
controlled sources. Scope 2 emissions result from the electricity, heat or steam purchased by
DoD, and represent the target emissions a CHP system can reduce. Scope 3 emissions are from
DoD activities where the sources are not owned or controlled directly by DoD. With the right
economic, fuel cost, and load conditions, CHP can reduce GHG emissions (contributing towards
the 34% reduction goal) and increase an Air Force base‘s energy security. The U.S. Air Force
energy policies and where CHP fits into them has been addressed; the DoD policy documents that
shape U.S. Air Force policy related to CHP systems will now be reviewed.

2.3.2 U.S. Department of Defense Distributed Generation Policy
The DoD Energy Manager‘s Handbook supports the use of distributed generation and
CHP, but has specific constraints on situations when these systems should be applied. A general
policy of DoD is to avoid large scale, off-grid electrical generation, and leave this to commercial
utility companies (Intuitive Research & Technology Corporation 2005). However, with the
current energy crises, some parts of the utility industry are changing to distributed power
production models. Distributed generation is recommended by DoD when its life-cycle cost is
acceptable, and it provides increased flexibility for installation power, thus increasing base
security. Life-cycle costs depend heavily on the site specific and U.S. Air Force service related
factors. Since most military bases receive their electric power from private or public utilities, any
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reduction in off-base utility dependence increases base security by giving them more autonomy
from the grid. The handbook gives one notable exception to the above guidance; mission critical
and remote sites. DoD owned and operated distributed generation technologies for these sites in
the form of photovoltaic arrays, solar lighting, wind turbines, micro-turbines and fuel cell
demonstration projects are called for (Intuitive Research & Technology Corporation 2005). The
handbook is designed to be a tool for DoD energy management professionals and is not a
mandatory policy document. This distinction is required because of the large variety of DoD
installations. The handbook‘s points are key considerations for the application of CHP at U.S. Air
Force bases.
The Department of Defense Instruction on Installation Energy Management is a more
precise document than the Energy Manager‘s Handbook, and addresses distributed energy
generation under its energy security and flexibility section as well. The exact instruction for
distributed energy generation is:
―Distributed energy resources shall be used for on-site generation using micro-turbines,
fuel cells, combined heat and power, and renewable technologies when determined to be life
cycle cost effective or to provide flexibility and security to mitigate unacceptable risk. In most
cases, larger scale, off-grid, electrical generation systems should be non-DoD owned and
operated. Off-grid generation systems owned and operated by the DoD Components may make
sense for mission criticality and remote sites when it is life cycle cost effective. In these cases,
innovative energy generation technologies such as solar lighting, large photovoltaic arrays, wind
turbine generators, micro-turbines, and fuel cell demonstration projects shall be utilized‖ (DoD
2009).
These two documents demonstrate the current guidance provided to individual service
components such as the U.S. Air Force. Energy management programs are de-centrally managed
within the individual military branches, but are all required to meet the same federal energy
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mandates. The 2010 Air Force Infrastructure Energy Plan is an individual service energy
program execution framework, taking federal mandates, goals, and DoD requirements into
consideration. The combined heat and power guidance quoted above is a part of the DoD
guidance that was not included in this plan. CHP systems applied at U.S. Air Force bases can
increase fuel utilization efficiency and reduce their carbon footprint to meet energy policy and
federal mandates, but they can also increase a military installation‘s energy security.

2.3.3 Energy Security
Energy security is a serious concern for the Department of Defense, and will continue to
be into the foreseeable future. According to a Defense Science Board report on DoD energy
strategy, one of the primary energy challenges facing the DoD is military installation‘s
dependence on the commercial power grid, which is characterized as, ―…fragile and vulnerable‖
(Defense Science Board 2008). A critical finding of the 2008 Defense Science Board report was
that national security and homeland defense missions are at risk from the extended outages of the
grid and other national infrastructure. Increasing energy security for military installations
requires the reduction of commercial utility vulnerability as well as foreign energy dependence.
The vulnerability of energy sources to military bases is a much tougher problem to solve than
foreign energy dependence due to complicated technology interconnections and the number of
military bases around the globe. In September 2006, the DoD formed a study to investigate their
fossil fuel dependence, which (Dimotakis et al. 2006) gave the following key findings:
―Based on proven reserves, estimated resources, and the rate of discovery of new
resources, no extended world-wide shortage of fossil-fuel production is
reasonably expected over, approximately, the next 25 years.‖
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―DoD is not a sufficiently large customer to drive the domestic market for
demand and consumption of fossil fuel alternatives, or to drive fuel and
transportation technology developments, in general.‖
―DoD fuel consumption constraints and patterns of use do not align well with
those of the commercial sector.‖
This report is focused on transportation and fuels, and does not mention military
installation facilities in any section. Hartranft‘s study on military installation energy security and
independence pointed out DoD buildings consume approximately the same amount of energy as
military aviation and transportation used in war fighting (Hartranft 2007). Hartranft also points
out that the, ―Army cannot ‗conserve‘ its way out of the rapidly growing need for power and
energy.‖ These two concepts are directly applicable to the U.S. Air Force as well, where
buildings also consume a significant amount of energy. Figures 2-5 through 2-7 detail DoD
energy consumption, and show the U.S. Air Force is the largest consumer of energy among the
military branches. Although 84% of this energy consumption is due to aviation, the 12% making
up facility consumption is $1.06 billion dollars (71,161,000 x 103 BTU‘s), a significant amount
(USAF A4/7 2010). While conservation measures reduce installation demand, they do not
address fundamental security concerns. According to Hartranft, the Army is working to establish
a comprehensive installation energy policy addressing security, but the work is focused on
efficient consumption. The requirements of energy security at military bases are not fully
understood, which is also discussed in the Air Force policy for installation energy.
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Figure 2-5: U.S. government energy consumption (USAF A4/7 2010).

Figure 2-6: U.S. military energy consumption (USAF A4/7 2010).
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Figure 2-7: U.S. Air Force energy consumption (USAF A4/7 2010).

The 2010 Air Force Infrastructure Energy Plan section on energy security acknowledges
that the commercial grid and fuel pipelines that supply bases are vulnerable to service
interruptions. Deliberate attack, natural disasters, human errors, and infrastructure failures are
possible ways bases can lose their heat and power. The plan also concedes methods to work
around long-term utility outages are not established or practiced by installations. According to
the Infrastructure Energy Plan, this risk is being actively researched, but the problem needs
further refining into a comprehensive solution. The Air Force calls on conservation and
expanding on-site renewable energy as methods to mitigate risk until a solution becomes
available. The Strategic Approach section covering expansion of renewables states the Air
Force‘s preferred method is on-base generation. For renewable resources, the plan‘s call to
generate power on base is to increase supply security and decrease stress on the national electrical
grid. Combined heat and power systems can provide these same advantages with higher
availability and in some cases, lower environmental footprints. Renewable resources such as
solar and wind are subject to unavailability due to weather, and in the case of photovoltaic solar
arrays, their carbon footprint can be greater than CHP systems. A comparison of a one megawatt

35
reciprocating engine CHP system with a one megawatt photovoltaic array shows an annual
savings of 4,625 metrics tons of CO2 versus 1,722 metric tons for a PV array, not including the
embedded CO2 from the manufacturing process (Hedman 2011). Overall, the focus of the
Infrastructure Energy Plan is to manage energy in areas where the Air Force has direct influence.
This does not include commercial utility companies, of which the U.S. Air Force is only a
customer. Further direction from the federal and DoD leadership will be required to address these
higher level security concerns.
During a 2010 presentation to the House Armed Services Committee, the Air Force cited
several examples of ongoing efforts to increase energy supply and security. Robins Air Force
Base, Georgia is highlighted as a secure location because of its, ―…multiple existing generation,
fuel sources and electric distribution options in place that ensure the base can operate independent
of the electric grid during a loss of service‖ (Tune 2010). Tune calls this increased installation
energy security ―assured energy.‖ The testimony also suggests collaborative approaches that
partner federal agencies, academic resources, local utilities, and private industry are the way
forward to provide Air Force installations more reliable and secure energy. While a
comprehensive DoD or U.S. Air Force energy security strategy is not available, a clear focus on
national grid autonomy as an installation security measure is evident. This does not conflict with
the Air Force 2010 Infrastructure Energy Plan because the DoD overall policy is to avoid large
scale power generation. This policy must be balanced with the increased security gained by
giving base‘s the ability to operate independent of the commercial power grid. Utility owned
combined heat and power plants that provide this ability are one method for increasing security
while keeping DoD out of the power generation business.

36
2.3.4 Funding Avenues
Sources for funding projects related to the policies discussed above are limited. The
Energy Conservation Investment Program (ECIP) is a Department of Defense centrally managed
funding program within the Defense-wide military construction (MILCON) funding account
approved by congress each year (DoD 2009). ECIP‘s focus is to invest in energy and water
conservation projects which have a savings to investment ratio (SIR) greater than 1.25, and meet
payback period criteria and other specific program requirements. Up to 25% of the proposed
annual Air Force ECIP budget can be programmed as renewable energy projects that may fall
short of SIR and payback requirements. ECIP is DoD‘s primary funding stream for addressing
energy efficiency mandates. Office of the Secretary of Defense goals for projects to be
competitive in ECIP are:
Dramatically change the energy consumption at an individual or joint
installation, for example, by improving the performance of a power or steam
plant.
Implement across multiple installations a technology validated in a
demonstration program sponsored by DOD or Department of Energy (DOE)
(e.g., the Installation Energy Test Bed Initiative).
Integrate multiple energy savings, monitoring, and renewable energy
technologies to realize synergistic benefits.
Integrate distributed generation and electric and thermal storage to improve
supply resiliency for critical loads.
Implement the capital investments from an energy security plan, especially where
such an investment would leverage a partnership with DOE.
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These goals support CHP system application across the board. Alternative financing
such as Utility Energy Service Contracts (UESC) and Energy Savings Performance Contracts
(ESPC) are funded by partnering with private sector companies rather than the Federal
government. These funding streams provide options to bases that may not be able to receive
funding through the ECIP program due to budget constraints. ESPC‘s and UESC‘s are the
preferred option funding for installations before ECIP funds are sought, again due to yearly
budget constraints. The implementation strategies section under DoDI 4170.11 list possible
infrastructure upgrades under these programs as new cogeneration, renewable systems, new
HVAC equipment, lighting, motors, fixtures, and controls. Major infrastructure upgrades such as
a central CHP system may require funding sources other than congressional budget to be
considered.

2.3.5 Energy Reporting Metrics
Funding for a CHP project can be limited by the economic and energy consumption
analysis used to compete for the sources described previously. The manner in which energy
consumption at U.S. Air Force bases is reported and accounted for discourages on-site power
generation using fossil fuels. According to the Air Force Facility Energy Center, generating
electricity at bases is avoided because they must report the total energy consumed to produce it
(Adams 2011). If a base purchases their power from the local grid, they only have to report the
energy delivered, not the energy it took to produce this power. Purchasing electrical power from
the grid doesn‘t require a base to account for the efficiency at which this power was produced, a
distinct advantage in comparison to on-site generation. If a CHP system is utilized to produce
electric power, the fuel utilization efficiency can be near 80% due to waste heat capture, but an
electric utility provider utilizing a combined-cycle power plant might only reach 65% efficiency.
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Transmission and distribution losses associated with grid power also reduce this efficiency when
compared with on-site generation systems. Decreasing the energy intensity of bases is a federal
mandate listed in Table 2-7, and meeting this goal requires U.S. Air Force bases to reduce the
total amount of energy they consume. The Energy Independence & Security Act of 2007 defines
energy conservation measures to include cogeneration facilities (110th Congress 2007) (also see
Appendix G). When evaluating the use of CHP systems at a base, a comparison should be made
between the total energy consumed for the base case and the total consumption for the proposed
system. The electrical grid‘s fuel utilization efficiency should be accounted for and compared
with on-site generation‘s fuel use. This energy accounting will ensure the most efficient use of
resources will be implemented, and eliminates any distortion of a base‘s consumption due to
reporting practices.

2.4 Decentralization of U.S. Air Force District Heating Systems
The potential capacity, successful case studies, and energy policy considerations for the
application of CHP systems at U.S. Air Force bases demonstrates why this research topic is
significant. The low level of utilization and promotion of CHP by the U.S. Air Force is also
central to this review, and decentralization of base heat plants is another policy requiring
examination.
The U.S. Air Force is making an effort to decentralize base heat plants to increase
energy efficiency. Most USAF central heat plants were constructed during the 1950‘s and 1960‘s
when larger boilers had a higher efficiency than smaller building sized units. Condensing boilers
currently being installed at facilities have a higher thermal efficiency than any non-condensing
boiler, building or district heating size (ASHRAE 2008). ASHRAE gives combustion efficiency
for non-condensing boilers a typical range of 75-86% and condensing models 88-95%. Seasonal
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efficiency is another way to describe boiler operation, and accounts for heat losses, part load
operation/efficiency, and firing rate. The decision to decentralize plants and install facility
boilers should consider seasonal efficiency in addition to combustion efficiency; system operation
and part-load performance of a group of high efficiency facility boilers may be worse than a less
efficient central plant that takes advantage of load aggregation. Pumping and distribution losses
associated with district heating systems are another consideration for decentralization.
The second reason the Air Force is decentralizing is cost savings, shown by the following
project. In 2005, Elmendorf AFB in Anchorage, AK switched over from a centralized CHP plant
delivering steam to 120 facilities to 230 natural gas fired facility boilers (Brown 2010). The
existing plant consisted of six 150,000 lb/hr natural gas or jet fuel fired boilers, two 9.3 megawatt
steam extraction turbines, one 7.5 megawatt steam extraction turbine, and 50 miles of steam and
condensate distribution piping. This system supplied the base with 99% of its electricity and 75%
of its heating load. Upgrading the central plant was deemed cost prohibitive since only
approximately 15% of the condensate was returned to the plant. This situation is not unique to
Elmendorf AFB; other district systems in the U.S. Air Force inventory suffer from poor
performance due to lack of maintenance. In 2003, the government used a $48.8 million dollar
ESPC contract to install decentralized boilers, 7 miles of gas piping, and demolish the existing
steam infrastructure. After the first year of operation, actual savings were realized through a 34
million gallon reduction of water consumption, a net savings of over 9 million dollars by
purchasing electrical power from the local grid, and fuel consumption reduction of 3,583,855
MMBTU‘s (Brown 2010). Measurement and verification of this performance compares the
metered natural gas consumption with the previous degraded CHP system‘s performance as a
baseline. Boiler efficiency is verified by measuring combustion efficiency rather than seasonal
efficiency of the units operation. Ameresco calculates the project will save $123 million dollars
over its 22 year service term.
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The Elmendorf AFB decentralization project was also executed because of an energy
security threat, a key issue facing many bases. Elmendorf‘s centralized heating service gave a
single point of failure for the facilities the plant served. Energy security policy has been
previously discussed, but this case study presents an additional consideration; is reliability of
electrical power or heating more important, or are both services equally critical? In mild
climates, a loss of heating may have minimal impact, but a loss of electrical service may have
large mission impacts. In a northern tier location, the choice is less clear. Thermal and electrical
energy for base facilities is typically served by the local electrical grid and boilers within
facilities. Distribution of building heat sources reduces risk for a total loss of service if a base is
attacked, but the fuel source must also be considered. In the Elmendorf AFB case, fuel for
facility boilers is still provided by an off-base utility, so service to the base is similar for electric
and heating fuel, though the point of failure was moved off of the installation. When district
energy systems are utilized for bases they are viewed as a vulnerability; mission critical facilities
are typically given backup generators and heating boilers (if served by district heating) to ensure
their continued operation if a central heat plant or the electric grid is compromised. In the case of
natural gas, heating fuel service from a local utility can also be compromised. The only way to
answer if thermal or electrical reliability is more important is to evaluate the impacts of a loss of
service to a base. Establishing whether decentralization is driven by economics, energy
conservation, environmental concerns, security, or another factor is important when considering if
CHP application would be beneficial at U.S. Air Force installations. Policy review and project
profiles show that a reduction in energy intensity and costs are the central motivator for current
Air Force utility projects. Due to a lack of comprehensive DoD policy, installation energy
security considerations fall behind energy intensity and costs.
According to AFFEC, the Air Force had 49 central heat plants before decentralization
efforts began. Accounting for previous projects and sites where decentralization is not a viable
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option, 16 heat plants are identified that could be replaced with facility boilers during future
energy savings projects. Two distinct focus areas arise from this data:
Assess the application of CHP at bases that have central plants that are not
economically viable to decentralize.
Assess CHP application scenarios compared with decentralization of heat plants
and installation of high efficiency facility (or facility grouping) boilers at
locations identified for future energy savings projects.
Investigating bases where existing district energy infrastructure exists and future
decentralization projects are not planned represents the highest opportunity to provide meaningful
research data. Studying the application of CHP at these bases is the best starting point because
they have the highest application potential, and are not targeted for decentralization energy
savings projects. Researching the best technical options for CHP application may present
alternatives not previously considered, and provides analysis to support decisions for the best
systems to utilize, CHP or otherwise. U.S. Air Force bases without district energy infrastructure
or bases that are choosing to decentralize these systems can also consider utilizing CHP systems
at the building level, explored next.

2.5 Building CHP (BCHP) Alternative to District Energy CHP Plants at U.S. Air Force
Bases
An alternative to CHP at central energy plants is to implement CHP at individual mission
critical facilities, or small groups of facilities. A typical military installation has all mission
critical facilities powered by the electrical grid, and tied into backup generators in the event of an
emergency. These generators have periodic maintenance and testing to ensure operation, but
problems can still arise. The capital costs of maintaining and replacing these generators is
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substantial. A single project to provide backup power to a U.S. Air Force Wing Headquarters can
cost over $500 thousand dollars. If conditions are not favorable for district energy powered by
CHP systems at military bases, implementing CHP systems at a reduced scope can still provide a
more decentralized power scheme while reducing environmental impacts and energy
consumption.
The building CHP scenario represents a security middle ground between district CHP and
full decentralization of heat plants with electrical power from the grid. This approach calls for
connecting 24-hour work centers and mission critical functions on a U.S. Air Force base to
dedicated CHP systems, due to their flatter load profiles and requirement for reliable heat and
power. Some facilities may also require cooling year-round due to their high internal loads,
typical of many mission critical facilities. High capital costs typically require CHP systems be
ran as much as possible, though evaluating utility rates and operating these systems when it is
cheaper to produce power than purchase it is an alternative. Absorption chillers that serve work
centers with year round cooling requirements as well as buildings needing seasonal cooling can
increase energy utilization from prime mover waste heat. Connecting these buildings under a
small CHP plant also ensures mission critical functions are not susceptible to utility service
interruptions or outages, and ―islands‖ the most important functions on the base. Rather than
maintaining backup generators, boilers and chillers on individual buildings, aggregation of load
profiles, equipment and maintenance can be taken advantage of. Seasonal operating efficiency
can be increased, while providing a more secure and reliable source of heating/cooling and
power.
Meckler and Hyman‘s text (2010) presents a case study on governmental mission critical
facilities that discusses the benefits of extending CHP into backup power systems. The study‘s
central motivating factor is mission critical facilities require backup generation anyways – so why
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not evaluate what CHP systems might have to offer? The case study introduces three risks of
CHP to consider, in addition to its benefits:
Market risk: fuel and electrical power costs.
Construction risk: government projects use public money, carrying many
bureaucratic time impacts.
Regulatory and financing risks: energy policies change over time, as well as the
value of the dollar.
Both homeland security and energy conservation were central objectives. Prime mover
options as well as electrical load classes and the worth of reliability are also discussed. The
findings of the case study show before incorporating CHP as a critical operations power system,
energy conservation measures for the building(s) being considered should already be in place, to
reduce baseline consumption to the maximum extent possible. Load classes are cited as the
principal way to match thermal and electric loads, and require evaluation to determine if all or
part of a facilities energy load should be served by a CHP backup system. The reliability worth
discussion shows that for a commercial customer, a CHP system with backup is more valuable
than a standard CHP system. The findings of this case study are fundamental considerations
when evaluating the application of BCHP systems at USAF mission critical facilities.

2.6 Literature Review Summary
A typical U.S. Air Force base‘s energy utilization, facility characteristics and high CHP
application potential all support the use of CHP systems. Federal, DoD and U.S. Air Force
energy policies require drastic improvement in energy efficiency and environmental impact while
implementing new energy sources to meet published goals. Combined heat and power systems
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can help meet these goals by immediately increasing fuel utilization efficiency, reducing carbon
footprint and providing the infrastructure to employ alternative fuels. In addition, CHP systems
can drastically improve energy security, which is shown to be a serious concern for DoD. The
U.S. Air Force is the largest energy consumer in the DoD, and is seeking to increase the
efficiency and reduce the cost of their physical plant operations each year. This literature review
provides a clear focus point and motivation for researching U.S. Air Force CHP application,
which will contribute to a better understanding of the technical and economic issues facing
military bases today.

Chapter 3

Research Methodology
Research on the unique requirements of a U.S. Air Force base transforms CHP
application potential into various delivery schemes, either in large district energy, small campus,
or individual building form. Successfully applying a CHP system at a U.S. Air Force installation
requires thermal and electric loads to be utilized enough to economically justify the system‘s first
cost and operation. To select a CHP system that maximizes efficiency and financial payback, a
comprehensive energy analysis that accounts for the transient nature of electric and thermal loads
in commercial/institutional buildings is required (ASHRAE 2008). The research methodology
presented next takes these requirements into consideration and shows how the application of CHP
systems at U.S. Air Force bases is evaluated in this thesis.
The majority of U.S. Air Force bases with district energy systems were approached to
participate in this study, of which five participated in Level I feasibility analysis. Section 3.1 will
cover the methodology used to complete this initial part of the research, which focuses on
developing a better understanding of site specific application factors. The Level I study also
applies an analysis technique for describing the expected performance of various CHP system
configurations. Ultimately, Hill AFB is chosen for the more in-depth Level II application study
presented in Section 3.2 of this chapter. Since Level I and Level II analysis is limited in the
number of installations studied, a wider look at the CHP application metrics spark spread and
thermal to power ratio is presented in Section 3.3 for 75 U.S. Air Force bases. While the
decision to pursue a CHP project cannot be made solely on two metrics, they contribute to
previous studies of application potential by replacing regional utility rates with USAF base
specific data.
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3.1 Level I Feasibility Analysis
To complete initial CHP feasibility analysis, utility data was collected for one year from
each U.S. Air Force base to build electric and thermal load profiles. An EPA spreadsheet tool for
CHP Level I analysis data gathering was provided to users so system descriptions, local factors,
utility rate structures, and base loads could be detailed. Monthly consumption and costs for
electrical, natural gas and fuel oil are recorded for each U.S. Air Force base, and subdivided into
industrial and military family housing categories. This division is made because military district
heating systems do not typically serve the family housing areas on bases, but utility bills will
reflect the housing area‘s consumption as well as buildings not connected to the central plant.
Due to this situation, base central heat plant(s) boiler logs are also collected to accurately show
the thermal demand on the district energy system. This represents the thermal load a new CHP
system would likely serve at each base. It is assumed any electrical production by a CHP system
in excess of the industrial requirement of the base would be used by the military family housing
area. Monthly or daily heat plant output from boiler logs (depending on their level of detail) are
also assumed to be spread out evenly over each hour. A steam load duration curve showing this
demand vs. hours exceeded was created for each base to aid in system configuration selections.
Figure 3-1 illustrates this for Whiteman AFB, MO. With system and utility data compiled, the
following paragraphs will go over the steps performed during Level I analysis.
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WAFB steam demand vs. hours exceeded
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Figure 3-1: Steam load duration curve for WAFB.

The CHP metrics spark spread and thermal to power ratio use the collected data to
perform an initial feasibility screening before analyzing CHP prime mover scenarios. The spark
spread is calculated by subtracting the natural gas rate from the electrical rate in units of
$/MMBTU, and should be greater than $12/MMBTU to be considered a viable application
(Midwest CHP Application Center 2005). The thermal to power ratio is calculated by dividing
the total fuel use by electrical use, both in BTU‘s. The thermal to power ratio recommendations
for prime mover selection given in the Combined Heat & Power Resource Guide are followed at
this stage, shown in Table 3-1. The electric and gas rates used for prime mover scenarios were
estimated as the total yearly cost divided by the total yearly consumption of both utilities. These
rates are used to estimate a CHP system‘s economic performance over one year.
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Table 3-1: Recommended prime mover technology based on T/P ratio.

Source: (Midwest CHP Application Center 2005)

Following the CHP ―rule-of-thumb‖ screening, Level I analysis of multiple prime movers
is required to evaluate the feasibility of applying CHP systems at a U.S. Air Force base. Meckler
and Hyman, as well as the 2008 ASHRAE Systems & Equipment handbook, recommend CHP
systems be sized towards the minimum yearly thermal load (referred to as base-load) to maximize
operating hours, efficiency and economic performance. This approach was used whenever
possible, and compared with thermal and electric load-following scenarios when practical. U.S.
Air Force base load profiles are compared with prime mover performance data to select viable
system alternatives to evaluate. System operation is divided into time steps that fit to change
points on the steam load duration curve for thermal production. Electrical production is then
taken as a byproduct of meeting this minimum thermal demand.
Level I CHP feasibility analysis began with gas turbine prime mover selections utilizing
performance data for Solar Turbines brand units. Manufacturer budget and performance quotes
were obtained to provide expected outputs at each location‘s elevation, and verify the results
given by Level I analysis. Prime mover electrical and thermal outputs are calculated for each
time step identified. Electrical production is multiplied by the utility rate to quantify the credit
for on-site generation. Heat recovered and converted to steam or hot water is multiplied by an
adjusted utility rate, namely the natural gas cost in $/MMBTU divided by the base‘s heat plant
boiler efficiency (typically 0.8). This price describes the cost offset by purchasing natural gas for
a central plant‘s boiler to meet a thermal load. The baseline for comparison is the yearly separate
heat and power costs for the Air Force base. Additional natural gas consumption by the CHP
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plant is added to these costs, and electrical generation and heat recovery are credited. The
predicted yearly savings by operating a CHP system at the U.S. Air Force base is calculated by
subtracting the predicted yearly operating costs with a CHP system from the recorded yearly
operating costs.
The use of steam turbines in conjunction with gas turbines is also analyzed during this
stage. A hybrid combined-cycle gas turbine system utilizing a condensing steam turbine and heat
recovery steam generator is evaluated as a load-leveling scheme for bases with large variations in
thermal demand. Power production with a condensing steam turbine for gas turbine steam output
above the low summer demand allows larger prime movers to be selected, which serve more of a
base‘s electrical load on-site. Using ASHRAE‘s 2008 Systems and Equipment handbook
theoretical steam rate chart for common conditions, a turbine‘s output in lb/kWh for various inlet
and outlet pressures can be estimated. Analysis shows generating additional thermal power to
drive a low-efficiency electrical generation process (for example, a condensing steam turbine) is
generally not an effective method at the operating pressures (120-125 psig) utilized at U.S. Air
Force installations.
In addition to gas turbines, Level I internal combustion (IC) engine analysis is performed
with selections from the natural gas fired GE Jenbacher Type 6 series. Detailed application data
for the new J624 two-stage turbocharged 4.3 megawatt (MW) unit is used to estimate CHP
system performance. IC engines split their waste thermal energy between high temperature
exhaust and low temperature cooling circuits. Exhaust energy can be used to produce high
pressure steam or high temperature hot water (HTHW), but the jacket cooling energy must also
be recovered to effectively employ a CHP system. Part of this low-grade thermal energy can be
rejected to a single-stage absorption chiller. Application data and manufacturer performance
quotes for a Carrier 16LJ single-stage unit are used to evaluate this concept. The chiller‘s output
is converted to describe the electrical consumption offset where electric chilling exists by using
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an average electrical power offset factor of 0.6 kW/ton (Midwest CHP Application Center 2005).
CHP system thermal efficiency calculations add the chilled water production as an energy gain
from the prime mover fuel consumption. Pre-heating the feed water before the deaerator heading
to the heat recovery boiler is another application for the jacket cooling water when chilled water
cannot be used. This is evaluated in Level I analysis by calculating the thermal input required to
increase the feed water temperature to the jacket water outlet temperature. This value is added to
the total heat recovered from the exhaust and electrical power produced. Finally, this quantity is
divided by the total fuel input to give the system‘s thermal efficiency.
Organic Rankine Cycles (ORC) are utilized to produce power from heat, and can be
applied to an IC engine jacket cooling water circuit. This option was explored in Level I analysis
for bases without chilled water systems using performance data from Pratt & Whitney. Due to
the low temperature of the IC engine jacket heat input (194 degrees F), the ORC machine‘s
electrical generation efficiency was quoted at 7%. While high grade exhaust thermal energy is
available for this process, steam/HTHW production to meet the base‘s thermal demands is a
better application for exhaust. For two J624 IC engines, the price of an appropriately sized ORC
machine is approximately $375K with a 260 kW power output. A single-effect absorption chiller
for this same size system would cost approximately $200K while offsetting electric chiller
consumption by 217kW, 83% of the ORC‘s production. This particular application of an ORC
machine would not be the most effective use of capital where a district heating or chilled water
load could be served. In cases where there is no other application for the engine jacket cooling
water circuit, and ORC machine can provide additional electrical power generation from this
waste heat source.
Simple payback (SPB) for Level I analysis is calculated based on manufacturer‘s quotes
for prime mover/heat recovery costs and rules of thumb for operations and maintenance (O&M)
costs. Yearly expenditures are subtracted from predicted cost savings to give net yearly cost
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savings. The total capital investment for the CHP system is divided by the net yearly cost savings
to give a simple payback. The CHP system‘s total thermal efficiency, on a lower heating value
basis, is calculated by adding the yearly electrical and thermal outputs and dividing this quantity
by the yearly fuel input. These results from each prime mover evaluated are used to determine
the best locations for the application of CHP systems at U.S. Air Force bases.
Lastly, greenhouse gas (GHG) emission reduction is evaluated using an Environmental
Protection Agency (EPA) spreadsheet based tool. System configurations and prime mover
performance characteristics are input into the CHP emissions calculator, which estimates the
reduction between a CHP and separate heat and power scenario. The tool allows for increased
accuracy with 29 inputs for CHP system characteristics which were utilized whenever applicable.
Manufacturer performance quotes from Solar Turbines and GE Jenbacher were used to estimate
emissions reductions for the best performing CHP systems evaluated in Level I analysis. The
characteristics for displaced electricity are selected based on the 2005 eGRID Average for All
Sources, which is further refined by using the eGRID data for the state each base is contained
within. Results of this analysis are shown at the end of Chapter 4 with the Level I summary.

3.2 Level II Feasibility Analysis

Level II feasibility analysis refines the assumptions made in the previous Level I
study, and requires more detailed operating points for the existing heat and power
systems in addition to the proposed CHP system. Data is collected from the U.S. Air
Force base and its respective utility companies to create hourly load profiles, replacing
the monthly totals previously used. These profiles are used to create a truncated year of
design days, which is comprised of one work and weekend design day for each month of
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the year. 15 minute electric interval data for the selected work and weekend days is used
to create the hourly electric load profiles for the entire Air Force base load. The design
day profiles for the thermal load are created using the handwritten steam boiler plant
logs, which include the boiler‘s operational efficiency for that time period. Averaged
utility rates are also replaced with the local gas and electric rate structure for the base. Hourly
TMY3 weather data for each month is averaged to create an hourly temperature profile to use
with the truncated year design days. The design day data sets are compiled in Appendix A, and
eliminate many of the assumptions made in Level I studies. With a manageable and detailed
representation of the base‘s load requirements created, the manufacturer‘s prime mover
performance data for the specific site conditions being studied is compiled to perform Level II
technical analysis.

3.2.1 Level II Technical Analysis
As with the Level I studies, Level II analysis seeks to estimate the performance of CHP
systems at the Air Force base, and consequently does not evaluate different brands of the same
type of prime mover. Hill AFB is selected for Level II work, which has the best performing
Level I case with a gas turbine based system. Full load performance data was adjusted for the site
steam conditions, condensate return averages, and base elevation. Performance curves were
obtained for inlet air temperature variations, shown in Figure 3-2. Data provided by Solar
Turbines is used to create polynomial equations describing turbine outputs based upon inlet air
temperature. Turbine steam production is predicted using exhaust gas mass flow and temperature
curves, assuming exhaust temperature is reduced to 300 degrees Fahrenheit. Steam required for
deaerator operation is calculated hourly and subtracted from the total CHP system production.
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Each hour of the two monthly design days has an associated average TMY3 average outside air
temperature. Using the curve-fit equations for turbine outputs, these hourly temperature values
are substituted to give predicted hourly performance values. An example equation showing
output, where K = TMY3 Temperature Value (degrees F) is:

Hourly CHP system outputs are then matched to the load profile requirements compiled for the
truncated year design days. For analysis with a duct-burner on the heat recovery steam generator
(HRSG), a 90% conversion factor for fuel to steam was assumed (recommended by Solar
Turbines application engineer). According to Solar Turbines the duct burner turn-down ratio
varies between 8:1 and 10:1 while fuel conversion efficiency varies linearly across the
performance spectrum; a turn-down ratio of 9:1 was assumed for this study.

Figure 3-2: Solar Turbines Taurus 65 full-load performance at site conditions.

With design day requirements and prime mover performance described, CHP system
output is now calculated to compare with the 2010 base case of operation. A Microsoft Excel
spreadsheet analysis tool was created to estimate hourly CHP system performance throughout the
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truncated design year. For each month of the year, a work and weekend design day was created
with hourly data. Hourly prime mover outputs to serve these loads are calculated and totaled for
the number of week and weekend days in each month, giving monthly CHP system performance
totals throughout the year.

3.2.2 Level II Financial Analysis
To determine whether or not running a CHP plant is profitable throughout the year, the
hourly economic dispatch of the plant is calculated. The CHP savings factor equation described
by Steve Fischer in his (2004) ASHRAE Journal article describing CHP system value assessment
is used to estimate the hourly savings per kilowatt hour of electricity produced. It is assumed
100% of the electrical power generated on the site will be used (no exported power), and all of
the recoverable heat will be used for steam generation. A simplified version of this equation is
written as:

When this equation returns a negative result per kWh, it is estimated to be more economical to
purchase power from the local grid and use the base‘s district heating systems. Standby charges
are calculated in $/kWh units and applied at each hour of the calculation. Results of this analysis
will be presented with the Level II study in Chapter 5.
Life-cycle cost analysis of a CHP plant, augmented with the existing steam plant, is
compared with a baseline operation at Hill AFB. The baseline is assumed to be the total Hill
AFB electrical load and the total steam load at their main plant, Building 260. In addition to
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production at their main plant, steam is purchased by contract with an off-base source. This
contract expires in 2014, at which time Hill AFB expects their main steam plant will begin
producing its entire load. A CHP project would not be implemented before this contract expires
due to the required programming, design and construction timeline. Therefore CHP life-cycle
costs are compared to a current cost scenario based on the assumption that Hill AFB will be
producing all required steam on site. Hill AFB anticipates no additional capital costs to produce
the full steam load with its existing facilities. To create thermal consumption and cost figures for
the baseline case, the natural gas required to meet monthly total steam loads is calculated. Using
the Hill AFB steam and condensate conditions as well as the average yearly plant efficiency, a
total fuel requirement is calculated. Additionally, baseline O&M costs at the assumed higher
production volume are calculated using FY10 rates, per 1000 lb of steam. The baseline case
created for Level II analysis represents the most probable situation a CHP plant‘s performance
will be compared with at Hill AFB.
Capital costs for plant modernization during the 30 year life-cycle evaluated are assumed
to be the same for the baseline and CHP cases. Choosing to continue with a district heating
system requires future capital investment in the boilers, controls, supporting plant equipment and
steam distribution system for both scenarios. Hill AFB runs with a #2 fuel oil backup because
their natural gas is on an interruptible service schedule. To retain full backup capacity with duel
fuel capability for steam production, plant modernization would be required during the life-cycle
whether a CHP system is installed or not.

3.2.3 Level II Analysis Summary
Level II analysis is broken into hourly and monthly totals which are used to estimate the
yearly performance of a CHP system. Electrical power output of the CHP system is taken as a
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credit to the base‘s utility bill at the current rates. Standby charges for a CHP system are
calculated using the local rate schedule, and assume the prime move will be out of operation 3%
of the year for scheduled O&M and unscheduled outages (The average runtime quote from Solar
Turbines is 97%). Steam production is summed and compared with the total requirements of the
base. Any steam required in addition to the CHP system is assumed to be produced by Hill‘s
existing plant. Natural gas costs to run the CHP prime mover as well as O&M for the unit are
cost deductions. The changes in O&M costs for Hill‘s main plant are calculated based on the
CHP prime mover‘s output. Yearly operating costs for the CHP based system are compared with
the baseline separate heat and power costs (both using utility rates from May 2010 – April 2011)
for the base to give a yearly savings. The total investment for the CHP system is divided by this
cost savings to give a simple payback. CHP system thermal efficiency is calculated for each
month and averaged for the year. As part of Level II analysis life-cycle costs are also calculated
for the CHP system compared with the established baseline case. The Federal Energy
Management Program Building Life Cycle Cost (BLCC) program is used by the U.S. Air Force
to support major capital investments; consequently, it is used in this thesis to ensure project data
is provided in the format used by the U.S. Air Force. Software inputs are taken from the yearly
cost summaries described above. Results from this analysis are shown in detail in Chapter 5.

3.3 CHP Application Metrics Analysis - USAF Utility Data
Utility data for U.S. Air Force bases was provided by the Air Force Civil Engineering
Support Agency as part of this research effort. Base energy reports detailing monthly total
electrical and fuel consumption as well total costs provide a site specific snapshot into the
economic situation for applying a CHP system. The CHP screening metrics spark spread and
thermal to power ratio are used to evaluate CHP applicability at bases not included in the district
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energy portion of this thesis. These metrics are not all encompassing site specific application
factors for CHP systems, but when coupled with the lessons learned during case studies in this
research, a clearer understanding of where CHP might be feasible emerges. Overlaying the
locations of U.S. Air Force bases that pass these screening metrics on a map of estimated CHP
application potential reveals focus areas for future research. Chapter 4 presents the results of this
study after Level I analysis.

Chapter 4

Level I Feasibility and Utility Data Analysis Results
This chapter will detail the results of applying the Level I CHP application feasibility
study methodology given in Chapter 3. Each of the five USAF installations studied are described
in the following subsections, including graphical load profiles and summary charts of analysis
results for individual system configurations explored. Results for CHP application metrics are
presented within the text and summarized in tabular format at the end of Chapter 4. Site specific
application factors discovered during case study interaction are described for each base. Finally,
the best performing CHP system configurations are compiled at the end of this chapter.

4.1 Whiteman Air Force Base
Whiteman AFB (WAFB) is an Air Force Global Strike Command base located southeast
of Kansas City, Missouri. Whiteman is home of the 509th Bomb Wing and the B-2 Spirit stealth
bomber, as well as Air Force Reserve, MO National Guard, and Naval Reserve tenant units. The
primary thermal loads for this installation include process steam at the low-observable
maintenance hangar (large aircraft/equipment coating facility) as well as space heating loads for
an industrial population of 8,367 working within 3,788,701 square feet.

4.1.1 Whiteman AFB Level I Analysis
Whiteman AFB has a well maintained district steam system which has recently
undergone a series of large investments. The central plant has a new Delta V controls system and

59
the Johnson Controls METASYS building management system has been installed to increase
operational efficiency. A reverse osmosis water treatment system was installed to increase plant
water conservation. In FY09, 5,000 lineal feet of condensate line was replaced. New insulation
was installed on 15,000 lineal feet of supply and condensate lines with an additional 9,500 lineal
feet planned for completion in October 2011. Steam meter installation is also planned during this
time period. Tube bundle heaters are being installed on all five central plant boilers. A mass
replacement of all 677 steam traps in the main lines and buildings is planned for Fall 2011. These
investments show Whiteman‘s commitment to extending the life-cycle of their district steam
system.
Whiteman AFB‘s steam system operates at 125 psig, 353 degrees Fahrenheit, and is
currently returning approximately 40% condensate between 210 and 220 degrees Fahrenheit. All
but 1% of the distribution lines are installed in a shallow concrete trench, where lids are used for
sidewalks. Natural Gas is the primary fuel for the plant, with No. 2 fuel oil used as a backup.
The main plant consists of five water tube boilers with a total capacity of 200,000 MBTU and
serves 69 facilities. Steam is used for space heating, hot water generation, processes, and
temperature and humidity control.
Boiler logs covering the past year detail the daily steam loads on the Whiteman AFB
central plant. These daily loads were assumed to be spread evenly across each hour of the day,
and were previously shown above in Figure 3-1. Monthly natural gas and electric utility reports
were collected for the same time period, presented in Figure 4-1. These profiles indicate a stable
electrical load with a highly variable steam demand over the course of the year. A 4 to 6 MW
peak during the summer cooling season is seen from May to September, which provides an
estimate of total electrical power increase used for space cooling. Whiteman AFB‘s
infrastructure has been characterized and utility consumption profiled; CHP application metrics
and prime mover analysis utilizing this data will be reviewed next.

60

Whiteman AFB FY2010 Utility Profiles
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Figure 4-1: Whiteman AFB 2010 natural gas and electric load profiles.

Screening metrics indicate Whiteman AFB could be a viable CHP application if local
factors at the base support this type of system. Whiteman‘s spark spread is $12.13/MMBTU
using FY10 utility data, but electric rates are expected to increase in the near future. In addition,
a new mission bed down at the base is predicted to significantly increase electrical consumption.
Another variance from normal is an error in the FY10 natural gas data for the industrial part of
Whiteman AFB. A natural gas valve was possibly left open on a military family housing
construction project, causing a consumption increase of 11.15% and cost increase of 29.20%. A
recalculation of spark spread using the FY09 data gives $11.30/MMBTU, below the generally
accepted metric of $12.00/MMMBTU. The thermal to power ratios for FY09 & FY10 are close
(1.38 & 1.40, respectively) and indicate both IC engines and combustion gas turbines are possible
prime movers for a CHP system, if economically viable.
CHP application analysis for Whiteman AFB was performed using the Level I
methodology described above for both gas turbines and IC engines. System operation was
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assumed to be 50 weeks per year, leaving 2 weeks for annual O&M. A summary of results from
this analysis are shown in Table 4-1. Whiteman AFB does not currently have a district chilled
water plant to connect to, but a new requirement exists for aircraft hangar cooling on the flight
line. The Whiteman AFB energy office has indicated a desire to couple a CHP system to a
consolidated chilled water production facility serving this hanger load. This thermal application
is considered in both prime mover cases, in addition to the seasonal steam demand requirements.
The Whiteman AFB minimum steam demand of 13 klb/hr restricts the size of gas turbine
that can be selected; otherwise only a limited amount of turbine exhaust energy can be applied to
a load, reducing fuel utilization efficiency. Integrating double-effect absorption chillers into gas
turbine CHP systems to utilize excess thermal production can be effective during summer
months. This can allow a larger prime mover to be selected with a higher steam production than
the base-load requirement. However, costs for introducing a chilled water (CHW) distribution
facility, piping, and plant equipment are substantial and hurt the economic feasibility of a CHP
plant. Duct-firing to increase thermal energy available for steam production was considered to
meet increased winter demands and produce chilled water with excess steam during the cooling
months of the year. Figure 4-2 shows an example scenario run for this type of system.
Conversely, an IC CHP application at Whiteman AFB is limited by electrical output. The
electric base-load during the year remains between 8MW and 10MW, except for cooling season
when the load peaks at 15MW. Since IC engines are more efficient at generating electric power,
less waste thermal energy is available for steam production. Two J624 engines (46% electrical
generation efficiency) can produce the full electrical requirement for Whiteman 8 months out of
the year and 8.4 klb/hr of 120 psig steam, 65% of the thermal base-load.
A single-stage absorption chiller can be connected to the jacket cooling water circuit of
an IC engine to capture waste heat which otherwise would have to be rejected to the atmosphere.
Utilizing this low-grade thermal energy boosts the CHP system efficiency while serving an

62
additional load for 3000 hours per year, which exists at the majority of buildings at Whiteman
AFB. Any CHW produced within a CHP plant would require new distribution infrastructure to
reach loads at this location. Analysis of this concept shows 10.32% of the waste jacket heat
available during the year can be recovered, while 2.51% can be recovered by preheating heat
recovery boiler feed water (before the deaerator). Deaerator pegging steam requirements are not
considered in this stage of analysis, which will reduce the steam sent to the distribution system
and overall CHP system efficiency. Feed water preheating can reduce this deaerator steam
requirement and slightly improve system efficiency. In general, this concept requires an
improvement in low-grade jacket water waste thermal energy to be economically and technically
viable.

Whiteman AFB steam demand vs. hours exceeded
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Figure 4-2: System configuration and operation scheme for Whiteman AFB.
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Table 4-1: Whiteman AFB Level I analysis summary.
CASE

PRIME MOVER

CHP SYSTEM

1

GT

Solar Mercury 50, no duct-firing.

2

GT

Solar Saturn 20, no duct-firing.

3

GT

4

GT

5

GT + CHW

Solar Saturn 20, duct-firing 2612F for
2190 hours.
Solar Saturn 20, duct-firing 1600F for
5040 hours.
Solar Mercury 50, duct-firing 1754F for
2944 hours. Excess steam used for CHW
production, double-effect absorption.

6

GT + CHW

7

GT + ST

Solar Saturn 20, duct-firing 1600F for
3120 hours, duct-firing 2612F for 2280
hours, duct-firing for CHW prod 3024
hours, double-effect absorption.
Solar Taurus 70, un-fired with
condensing ST.

GT + ST

Solar Taurus 70, duct-fired at 1600F,
excess steam beyond 13klb/hr base-load
passed through condensing ST.

8

SPB
(yrs)

EFFICIENCY
(%)

5.61

72.63

10.66

73.95

10.18

80.7

10.39

80.3

8.51

84.25

NOTES
1600 F duct-firing could provide 54000 lb/hr of
steam but WAFB can only use this amount for
heating approximately 300 hours per year.
Electric generation cost for this case is 0.0836
$/kWh, more expensive than rate base pays for
grid power
Duct-firing production is only for 25% of the year,
not effective. Electrical production rate is above
grid power rate.
Case shows that duct-firing at a higher temperature
for shorter amount of time will decrease SPB.
The deaerator steam requirement is not subtracted
from the total plant production at this stage of
analysis

25.8

91.16

9.84

60.35

High winter demand met with duct-firing.
Intermediate season has reduced duct-firing
temperature to reduce steam production. Excess
steam during summer months is assumed to be
sent to a double-effect absorption chiller plant out
in the steam distribution system.
Condensing ST assumed to reduce steam pressure
to 1.96 psia for each case

49.19

Scenario produces power beyond base
requirement, excess assumed to be sold back to
grid at 50% of purchase rate

85.52
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9

GT + ST

10

GT + ST

11

IC

12

13

14

Solar Mercury 50, duct-fired 1754F,
excess steam beyond 13klb/hr base-load
passed through condensing ST.
Solar Mercury 50, duct-fired 1754F, 4
time steps: 3324 hours 13klb/hr to
system, 2000 hours 18 klb/hr to system,
2000 hours 30klb/hr to system, 1100
hours 45 klb/hr to system.
(2) Jenbacher J624, 8.66MW, 8.4 klb/hr
steam to system.

IC

(3) Jenbacher J624, 2 units ran 6234
hours, 3rd run 2526 hours to pick up high
summer electrical demand.
(2) Jenbacher J624, 8.66MW and 8111
lb/hr steam to system, 8424 hours. Feed
water pre-heated with jacket cooling
circuit waste heat

IC + CHW

(2) Jenbacher J624, 8424 hours, engine
jacket cooling circuit waste thermal to
Carrier 16LJ-41 single-stage absorption
chiller during cooling season, jacket
water preheats condensate for remaining
time.

IC

22.08

48.74

The deaerator steam requirement is not subtracted
from the total plant production at this stage of
analysis.

12.45

56.93

17.53

58.39

20.83

60.53

Remainder of steam above specified load to
system passed through condensing ST. Thermal
load following scheme.
Only exhaust heat recovered, engine cooling water
circuit energy is not utilized.
Electrical load following system. Purchasing a
third unit provides redundancy to power system,
allows 8760 hours operation , but hurts economic
viability

59.43

Condensate pre-heating only uses 3.67% of the
available jacket cooling water waste heat, severely
reducing CHP system efficiency.

61.57

CHW distribution is not figured into SPB result,
assumed to be produced near where cooling load is
required. Economics assume CHW production
will be offsetting electric chiller consumption at
0.6 kW/ton.

17.15

12.92

For all cases, deaerator steam consumption is not subtracted from CHP system's distribution to heating system.
Electric Rate - $0.0607 / kWh
Fuel Rate - $5.6476 / MMBTU
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4.1.2 Whiteman AFB Site Specific Application Factors
Whiteman AFB‘s considerations for applying a CHP system are compiled from case
study interaction, a site visit by the author, and interviews with key engineering personnel. The
focus on Whiteman‘s facility energy intensity metric was readily apparent, and a central objective
of their energy program. The energy office is very effective at garnering funding for energy
projects (they have the top FY 10 energy program across the entire USAF), which are a focus
area across all of U.S. Air Force Civil Engineering. Their ability to effectively organize and
communicate an energy program is a positive attribute for CHP application. Another positive
factor is Whiteman‘s effort to maintain their district energy system. Steam production and
distribution system upgrades give a more effective baseline system to integrate CHP with. This
focus on maintaining the existing system is partly due to Whiteman AFB‘s primary mission: the
operation of the B-2 stealth bomber. Combustion is not allowed within the facilities that house
this weapon system, therefore a steam distribution system for heating will be required for the
foreseeable future. In addition, Whiteman is investigating a chilled water system to serve these
facilities, another thermal application for CHP prime mover waste heat. The Low-Observable
facility and the thermal loads associated with it make quick and substantial demands on
Whiteman‘s steam system, and is the primary steam user during the summer month. Lastly, with
increasing building energy intensity due to new mission bed downs and an increasing base
population, reducing the energy consumption of the sources serving base facilities is a major
consideration. Together, all of these application factors are critical to a CHP project at Whiteman
AFB.

66
4.2 Hill Air Force Base
Hill AFB (HAFB) is an Air Force Material Command base located north of Salt Lake
City, Utah. The Ogden Air Logistics Center is part of Hill, and provides engineering and
logistics management for the A-10, F-16 and Minuteman III Intercontinental Ballistic Missile.
Depot level maintenance for the A-10 and C-130 platforms is also performed on Hill AFB. The
largest thermal load for the base is space heating for 13,050,000 SF and process steam supply for
the industrial area.

4.2.1 Hill AFB Level I Analysis
Hill AFB is a unique USAF installation due to its extensive district steam system, which
is used to serve the depot level maintenance mission as well as other industrial requirements.
This steam system is served by 9 boiler plants, the largest of which is Building 260. This plant
has 8 boilers with a total steam capacity of 550,000 pounds per hour. Currently only 3-4 boilers
are operated; the remaining boilers are very old, and do not have low NOx burners. The system‘s
distribution pressure is 120 psig, and condensate return to the main plant (Building 260) varies
from 130 to 165 degrees Fahrenheit. During the summer months, all heat plants excluding
Building 260 are shut down. The typical summer load out to the distribution system is 18,000
klbs per month, or 25 klb/hr. Another unique characteristic of Hill‘s steam system is the waste
burn plant located immediately adjacent to the base. Wasatch Integrated Waste Management
District (WIWMD) sells steam produced from their plant to Hill AFB, typically 435,000 klbs
annually to the Building 260 steam header. This contract includes minimum volume
requirements with the potential option to purchase additional steam, and can be revised if demand
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is reduced or system efficiency is improved. This unique steam system operation requires
modifications to standard CHP Level I analysis calculations.
To account for Hill AFB‘s unique steam situation, the evaluation of a CHP system‘s
performance must include more than the changes in electrical and natural gas consumption by the
base. Hill typically purchases the majority of the summer steam load from WIWMD, using the
main plant for supplemental requirements. This means that under the current operation, a CHP
system would only be operated 5,840 hours per year. In most cases, a CHP system should be
operated the majority of hours each year in order to economically justify the capital investment.
Since a large part of Hill‘s steam load is purchased from off-base and not produced by the central
heat plants, natural gas utility bills do not reflect the total yearly costs for steam. A base case for
comparison was constructed that includes natural gas consumption for the main plant as well as
purchased steam. The total system load considered was the main plant and WIWMD purchased
capacity. The total cost to provide this yearly steam load using the existing the main plant and
purchased steam from WIWMD is compared with the total cost to provide this load with a CHP
system supplemented with the main plant. The electric load for the entire base is considered in
both cases, with credit given to the electric offset from the CHP plant generation at the purchased
utility rate.
A load duration curve was constructed using steam utility reports for the main plant and
WIWMD purchases, shown in Figure 4-3. Average monthly Hill AFB steam demands were
computed from FY07 through FY10 data. Monthly totals for WIWMD were averaged for FY07
through FY10, and assumed to be spread evenly across each hour of the month, shown in Figure
4-4. Daily boiler logs were also obtained from the user for the main plant. These daily steam
loads were assumed to be spread evenly over 24 hours. Both sets of data (averaged monthly
WIWMD steam purchased and daily Building 260 plant production) were brought together to
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form an estimated load duration curve. The daily average WIWMD steam purchased is added to
the daily main plant production. This total steam load is assumed to be spread evenly over each
day, giving Figure 4-3.

Daily Steam Load Duration - 260 + WIWMD
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Figure 4-3: Hill AFB load duration curve for Level I analysis.
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With the unique utility situation accounted for and load duration curve built, Level I CHP
feasibility analysis began by analyzing the current utility consumption and rates. Figure 4-5
shows the averaged utility consumption profiles for Hill AFB, shows a consistent electrical
requirement with large seasonal variations in natural gas consumption due to steam consumption
for space heating and industrial processes. The purchased steam from WIWMD causes this
extreme summer dip in the consumption curve. The CHP spark spread metric is calculated with
data from Hill‘s utility rate worksheets, and gives a current value of $10.36/MMBTU, below the
$12.00/MMBTU threshold recommended by the Combined Heat and Power Resource Guide.
Hill‘s electric utility provider recently applied for a 13.7% increase with the public utility
commission; an approval of 8.5% was given. Recalculation of this metric using the new rate
increase gives $11.61/MMBTU for current consumption rates. The thermal to power ratio
calculated for Hill is 1.00, making IC engines or gas turbines possible prime movers. At current
utility rates Hill is not considered a feasible CHP candidate, but future expected rate increases and
aging central plants merit further application study for future energy supply decisions.
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Averaged Utility Consumption - Hill AFB Load Profiles
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Figure 4-5: Hill AFB average utility consumption.

CHP application studies of Hill AFB focus on establishing which prime mover would be
the most economically beneficial and fuel efficient system when compared with the current base
energy sources. Hill AFB is located at 4,300 feet elevation, requiring gas turbine performance to
be de-rated. The 2008 ASHRAE Systems & Equipment Handbook states for each increase in
1000ft in elevation, gas turbine power output will be decreased by approximately 3.5%. To begin
analysis, this de-rating was used for each case shown in Table 4-2 until the best performing
turbine for the load requirements was found. A manufacturer‘s quote for the Solar Taurus 65 unit
gave an altitude de-rating of 81.78% for power output. During Level I analysis, deaerator
pegging steam requirements were not subtracted from the prime mover steam production rates
sent to the distribution system. This was assumed because plant siting information and existing
plant auxiliary equipment capacity will be gathered during the Level II studies for selected bases.
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Table 4-2: Hill AFB Level I analysis summary.
CASE

PRIME
MOVER

SPB
(yrs)

EFFICIENCY
(%)

1

GT

Solar Taurus 60, no duct-firing

11.35

76.81

2

GT

Solar Centaur 50, no duct-firing

13.86

73.60

NOTES
Steam production is above estimated FY10 base-load
requirement for 1 month, would require some available heat
to be dumped.
Steam production does not meet base-load for HAFB for 11
months- evaluating if more efficient to run a smaller
machine fully loaded year-round (excluding 2 week down
period). This case is exactly matched to the min thermal
requirement for lowest steam demand month. Case shows a
larger electrical producing machine meeting a higher
thermal demand for less hours will be more efficient and
have a quicker payback than this minimum base-loaded
system.

82.81

PM steam production rate of 27.68 klb/hr exceeds FY10
hourly steam demand in Aug by 2.3 klb/hr. Simple payback
analysis done using manf quotes for PM, heat recovery, and
plant equipment.

80.97

Same case as #3 but analysis is utilizing the Bldg 260 NG
consumption data - direct comparison between CHP system
and existing heat plant. Not computing SPB on NG
consumption difference - computing based on calculated
total system operation costs. SPB analysis done using manf
quotes for PM, heat recovery, and plant equipment.

59.47

Condensate pre-heating will lower the deaerator steam input
requirement, improving overall system efficiency. Not
taken into account in this analysis, steam production is all
sent to distribution.

3

4

5

GT

CHP SYSTEM

Solar Taurus 65, no duct-firing

GT

Solar Taurus 65, no duct-firing

IC

(5) J624 GE Jenbacher units, thermal base
load scheme. Low-grade thermal to pre-heat
condensate return to the plant (up to 195F),
engine exhaust produces 120 psig steam
year-round.

10.23

5.59

14.07
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6

7

8

IC

IC +
CHW

IC +
CHW

(5) J624 GE Jenbacher units, thermal base
load scheme. Low-grade thermal to pre-heat
condensate return to the plant (up to 195F),
engine exhaust produces 120 psig steam
year-round.

11.5

59.47

Same case as #5 but analysis is utilizing the Bldg 260 NG
consumption data - direct comparison between CHP system
and existing heat plant. Not computing SPB on NG
consumption difference - computing based on calculated
total system operation costs. SPB analysis done using manf
quotes for PM, heat recovery, and plant equipment.

61.48

GE Jenbacher states this unit does not have to be de-rated
for this altitude. 21.5MW electrical production on site,
20,000 lb/hr 120 psig steam, preheats condensate to 195F
during 8 months when absorption chiller not running. Note
this case compares the systems using the base NG
consumption. This is not entirely representative b/c there is
also a price for purchasing steam in excess of what base
produces. No capital costs for CHW distribution are
included in SPB analysis, loads assumed near production.

61.48

Same case as #7 but analysis is utilizing the Bldg 260 NG
consumption data - direct comparison between CHP system
and existing heat plant. Not computing SPB on NG
consumption difference - computing based on calculated
total system operation costs. SPB analysis done using manf
quotes for PM, heat recovery, and plant equipment.

(5) J624 GE Jenbacher units, thermal baseload scheme - low-grade thermal to pre-heat
condensate return to the plant (up to 195F)
when not being sent to single-effect
absorption chiller. Engine exhaust produces
120 psig steam year-round.
13.89
(5) J624 GE Jenbacher units, thermal baseloaded - low-grade thermal to pre-heat
condensate return to the plant (up to 195F),
engine exhaust produces 120 psig steam
year-round.
11.27

For all cases, deaerator steam consumption is not subtracted from CHP system's distribution to heating system.
Electric Rate - $0.0501 / kWh
Fuel Rate - $4.3223 / MMBTU
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Level I analysis of IC engines at Hill AFB resulted in longer payback periods than gas
turbines due to the limited application of engine jacket water waste heat. The GE Jenbacher J624
units did not require a de-rating for power output at Hill‘s elevation, but system efficiencies still
suffered. The application of 5 J624 units fit the Hill load profiles well, serving the majority of
the electric load and 80% of the base-load steam requirement. During the summer months,
analysis utilized jacket cooling waste heat to fire a single-stage absorption chiller, which could
recover 10% of the available jacket energy over 2,920 hours. The chiller‘s operating range for
heat inputs and outputs could not take full advantage of the available low-grade heat, therefore
additional heat rejection for the engine jacket would still be required. Hill also has no district
chilled water system, increasing capital costs to distribute from the CHP plant. In addition,
engine jacket heat was used for feed water pre-heating when not used by the absorption chiller,
but this could only recover 2.51% of the available jacket total over 5,504 hours. Feed water
preheating would also improve system efficiency by reducing the amount of pegging steam
required at the deaerator, but this part of the system was not analyzed during Level I analysis.
Steam production rates from exhaust gas assume that 95% of the available energy (reducing the
exhaust gas temp to 356 degrees Fahrenheit) is used to create 120 psig steam. The heat recovery
steam generator feed water inlet conditions were assumed to be saturated liquid at 230 degrees
Fahrenheit and 120 psig. This analysis shows that an improved method or utilization of engine
jacket heat from these units, including a use for chilled water, will be required in order to be a
viable alternative for CHP application.

4.2.2 Hill AFB Site Specific Application Factors
A site visit was conducted by the author in addition to telephone interviews and written
correspondence while gathering data. Hill AFB is at a timely juncture in considering what their
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energy sources will be for the next 30 years, which represents a major site specific CHP
application factor. An older district steam system is in place but requires daily pipe replacements.
Multiple boiler plants operated seasonally are being shut down, consolidating loads at the main
plant. $11M dollars‘ worth of major distribution and condensate piping upgrades are
programmed through FY13. Smaller projects have been executed connecting separate steam
distribution loops on HAFB with new piping in shallow concrete trenches. The facilities this
system serves are densely packed in the installation‘s industrial area, an optimal application for
district energy. In addition to facility heating loads, the depot maintenance wings require a large
amount of process steam year-round. This load reduces the transient nature normally seen with
U.S. Air Force base thermal loads. These facts represent major application factors specific to Hill
AFB, and are critical when considering CHP at this location.
Hill AFB‘s energy program is an additional site specific factor bearing recognition. A
previously successful 2.3 MW landfill gas (methane) electrical generation project serves as a
small-scale roadmap for a possible CHP plant implementation, shown in Figure 4-6. This DOE
qualifying facility is an internal combustion engine plant that is government owned but contractor
operated through an ESPC with Ameresco. The contract‘s performance period is 18 years, and
gains not only an electrical consumption offset, but a yearly utility rebate. Current energy
program efforts include a study of process load energy consumption at major buildings on the
base. Decentralization of 11 facilities from the steam system is being studied to evaluate the
economic and energy benefit possible for Hill AFB. Hill‘s largest energy consumer is the landing
gear maintenance facility, which is served by a 100% outdoor air ventilation system due to the
processes contained within it. Unique funding opportunities exist with these maintenance wings.
Energy studies can be augmented with other wing‘s funds to improve the facilities they own,
allowing the energy office to increase the comprehensiveness of their energy savings performance
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contracts. Generally, Hill AFB is evaluating the direction to take their program for the next 30
years: phased decentralized or a renewed commitment to district energy. CHP application is
evaluated in this thesis as part of this discussion.

Figure 4-6: HAFB methane gas IC engine electrical generation plant.

4.3 Joint Base Anacostia-Bolling
Joint Base Anacostia-Bolling (JBAB) is a combination of the Naval Support Facility
Anacostia, Bolling AFB and the Bellevue Housing Area in Washington, D.C. The installation
covers 905 acres and supports over 50 government and military agencies including Air Force and
Naval ceremonial support (JBAB Public Affairs 2011). 14,000 military and civilian personnel
work on this joint installation, one of 12 formed within the United States.
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The former Bolling AFB section of JB Anacostia-Bolling is served by a district high
temperature hot water (HTHW) and district chilled water system, collocated at one central energy
plant alongside the base‘s central switching station. The HTHW system serves approximately 40
facilities with three 25 MMBTU HTHW generators. The generators operate at 87% efficiency
and are natural gas fired, with No. 2 fuel oil used as a backup due to interruptible gas service.
The HTHW plant typically shuts down June through August, but the CHW plant operates yearround. The chilled water plant is comprised of four 500-ton electric chillers that are 10 years old,
and serves approximately 30 facilities. The plant also has variable frequency drive (VFD) pumps
and an ice-storage system with approximately 3,600 ton-hours of capacity, which is utilized at
peak electrical rate times. Space is limited on the installation due to its location (between
interstate and the Potomac & Anacostia Rivers) and new air permitting is limiting. Tightly
grouped industrial facilities currently served by district heating and cooling present an
opportunity for the application of CHP at this base; analysis of this concept was requested by the
JB Anacostia-Bolling energy office and will be presented next.

4.3.1 JB Anacostia-Bolling Level I Analysis
CHP analysis began with utility data and central plant logs provided by JB AnacostiaBolling energy engineers, who were in the early stages of considering a central plant upgrade to
CHP. Electrical consumption was provided for the entire Joint Base on a monthly basis, as well
as the consumption of the Bolling electric chiller plant. Electric utility provider (PEPCO) bill
stubs were collected, although electric utility totals used for this analysis were provided by the
user. Plots of these load profiles are shown in Figures 4-7 and 4-8. Chiller electrical
consumption, shown in Figure 4-9, is used to estimate the CHW load on a monthly basis using a
factor of 0.6 kW/ton for newer chillers. Fuel consumption exclusively for the Bolling central heat
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plant was given, which is divided between natural gas and No. 2 fuel oil. Because of this level of
detail, CHP application analysis compares performance of the existing HTHW plant with a new
CHP plant based upon fuel consumption. No. 2 fuel oil consumption was only provided as a
yearly total; this was assumed to be even across the 10 months of central heat plant operation.
Due to the fact natural gas consumption was reported on a monthly basis and No. 2 fuel oil
consumption was provided as a yearly total, the fuel consumption profile shown in Figure 4-10 is
an addition of the heat content of both fuels. The JB Anacostia-Bolling thermal load is assumed
to be 85% of this total energy consumption spread evenly over each hour of each day. The
electric, thermal and chilled water load profiles compiled and used for CHP Level I analysis are
graphed in Figures 4-11 and 4-12.
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Figure 4-7: User provided JB Anacostia-Bolling electrical load profile.
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Figure 4-8: Utility provided JBAB electrical load profile.
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Figure 4-9: Estimated JB Anacostia-Bolling monthly CHW load.
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Figure 4-10: Estimated JB Anacostia-Bolling monthly fuel consumption to meet thermal load.
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Figure 4-11: Estimated JB Anacostia-Bolling load profiles for CHP Level I analysis.

The JB Anacostia-Bolling utility data was processed through CHP screening calculations
to characterize CHP applicability and thermal to power ratio for prime mover selection.
Anacostia-Bolling‘s spark spread is the highest of all cases investigated, $21.11/MMBTU. The
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thermal to power ratio calculation is equally as definitive at T/P = 0.53, clearly indicating IC
engines are a good choice. In addition, the magnitude of the thermal and electrical loads for this
location and system type (HTHW co-located with CHW) favor IC engine application. Fuel oil
energy content and pricing are added to NG for these calculations, but have little impact
compared with using natural gas only consumption and costs.
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Figure 4-12: Estimated JB Anacostia-Bolling HTHW & CHW load profiles.

Level I analysis of gas turbines at JB Anacostia-Bolling compared a range of sizes and
operational schemes to establish configurations for the best estimated system performance. Time
steps are established using the HTHW, CHW and electrical load profiles for each case, taking the
August and September HTHW system shutdown into account. A low thermal load requirement
and 5 MW electrical base-load restricted prime mover selection, which was eased by the
application of absorption chillers in some cases to utilize excess waste heat. Multiple cases with
estimated simple payback periods were evaluated, all of which included absorption chilling.
Because of the large seasonal variation in the HTHW requirement, systems without these chillers
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were limited by their exhaust heat output. The smallest Solar brand industrial gas turbine
evaluated, the Saturn 20, only produces 1.2 MW of power at standard conditions while its exhaust
produces more HTHW than the base can use from April until October (under base HTHW system
operating conditions). Deareator steam consumption was not considered in this level of analysis.
Gas turbines are duel fuel capable, so natural gas service interruptions have less impact on CHP
system runtime. Due to favorable utility conditions for CHP application, existing infrastructure
and a year-round chilled water requirement, JB Anacostia-Bolling Level I analysis produced
multiple options for future CHP systems, summarized in Table 4-3.
In addition to successful gas turbine CHP cases, application of the Jenbacher J624
showed the best economic and efficiency results for JBAB, shown as case 12 in Table 4-3.
During case study analysis application engineers at GE Jenbacher stated HTHW production was
their preferred heat recovery approach for IC engines whenever possible. A single unit can serve
the electrical base-load while both exhaust and engine jacket waste thermal energy can be utilized
to produce HTHW and CHW, respectively. Level I analysis applies the low-grade engine waste
heat from the jacket cooling water circuit to a Carrier 16LJ-41 single-effect absorption chiller
matched to its operating conditions. Operation of the IC engine CHP system was assumed to be
10.5 months out of the year, leaving time for HTHW plant shutdown and system maintenance.
The J624 IC engines are not duel fuel capable, which can reduce their operating hours during the
year when natural gas service is interrupted.
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Table 4-3: JB Anacostia-Bolling Level I analysis summary.
CASE

1

2

3

4

5

6

PRIME
MOVER

SPB
(yrs)

EFFICIENCY
(%)

5.18

62.13

15.77

60.01

GT +
CHW

CHP SYSTEM
Solar Centaur 50 unit. Ran in 3 time steps; (Oct Apr) and (May-July) meets avg HTHW load,
remaining makes CHW. (Aug-Sep) no HTHW load,
all heat used to make CHW. No duct-firing in any
time steps.

GT +
CHW

Solar Centaur 50 unit. Ran in 2 time steps; (Oct Apr) meets avg HTHW demand, remaining makes
CHW. Duct-fired at 1600F (May-Sep) all HTHW
production used to make CHW.

GT +
CHW

Solar Centaur 50 unit. Ran in 2 time steps; (Oct Apr) meets avg HTHW demand, remaining makes
CHW. (May-Sep) all HTHW production used to
make CHW. No duct-firing in either time step.

5.59

61.24

GT +
CHW

Solar Centaur 40 unit. Ran in 2 time steps; (Oct Apr) meets avg HTHW demand, remaining makes
CHW. (May-Sep) all HTHW production used to
make CHW. No duct-firing in either time step.

6.89

60.05

GT +
CHW

Solar Saturn 20 unit. Ran in 3 time steps; (Oct - Apr)
and duct-fired 2800F (May-July) meets avg HTHW
load, remaining makes CHW. Duct-fired 2800F
(Aug-Sep) no HTHW load, all heat used to make
CHW.

8.35

77.19

GT +
CHW

Solar Saturn 20 unit. Ran in 3 time steps; (Oct - Apr)
and duct-fired 1600F (May-July) meets avg HTHW
load, remaining makes CHW. Duct-fired 1600F
(Aug-Sep) no HTHW load, all heat used to make
CHW.

4.76

74.79

NOTES

System meets electric base-load, designed to meet
thermal requirements year-round.
Analysis of same system with operation focused on
meeting the CHW load reduces efficiency and
increases SPB, as expected. Does not benefit system
to use excess thermal for CHW before HTHW load,
less efficient process with absorption chiller.
More efficient system than Case 2, but Case 1 is still
a better option because it follows the HTHW load
throughout the year, and only uses thermal energy in
excess of this load for CHW production.
Evaluating efficiency of utilizing a smaller unit with
Case 3 concept. Results are as expected - smaller
system operating in same strategy, but not meeting
as much of the thermal loads, has a slightly longer
payback.
Smaller system operated in same strategy as Case 1.
Payback period is longer, but efficiency is improved
because higher percentage of this turbine's thermal
output is being applied towards the HTHW load 10
months out of the year.
Case 5 exceeds required load during small portions
of the year. Evaluated reducing the duct-firing
temperature to 1600F to ensure 100% utilization of
thermal energy. SPB improved because during 2
months of HTHW shutdown, reducing the amount of
extra thermal produced to meet CHW load.
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Solar Centaur 50 unit. Ran 10.5 months, 5 months
duct-fired at 1600F, 5.5 months no duct-firing. All
thermal to HTHW production.

7

GT

8

GT

9

GT +
CHW

Solar Mercury 50 unit. Ran 10.5 months, no ductfiring, and all thermal to HTHW production.
Solar Mercury 50 unit. Ran 5 months (Nov - Mar),
all thermal to HTHW production. 5 months (Oct, Apr
- Jul) HTHW and CHW produced. 2 months (AugSep) all thermal to CHW while HTHW plant
shutdown. All cases no duct-firing.

10

GT +
CHW

11

12

NA

NA

Case produces thermal exceeding the HTHW load
requirement for all hours of operation, equipment
downsize required.

NA

NA

Case produces 13.08 MMBTU/hr, exceeds system
requirements for 5 months out of year.

3.73

65.63

Solar Mercury 50 Unit. Ran in same operation at
Case 9, but plant shuts down in Aug-Sept

3.91

67.09

GT

Solar Saturn 20 unit. Ran 10.5 months, no ductfiring, all thermal to HTHW production.

NA

NA

IC +
CHW

(1) J624 GE Jenbacher unit serves electrical baseload. Operation for 10.5 months of year. Low-grade
thermal to single-stage absorption chiller, exhaust
production provides base-load HTHW demand. Plant
shutdown period represented as separate case, where
HTHW load is zero.

3.69

67.55

Case has a low efficiency but good economic
performance due to thermal load following. Electric
base-load is met year-round.
Slight efficiency improvement at cost of economics
by cutting out 2 months where all thermal is used to
produce CHW.
Case produces 8.4 MMBTU/hr of HTHW, but JBAB
cannot utilize this energy in April - September,
thermal requirement is lower.
Assumed 300 F HTHW return temperature and 280
psig operating pressure. (Similar to MAFB case
with plant data). System is restricted by electrical
base-load for JBAB, unit output is 4.3 MW.
Contributes towards majority of electrical loads, and
base-loads for HTHW and CHW. Exhaust could be
used to produce low-temp water for absorption
chiller during HTHW plant shutdown.

Electric Rate - $0.1087 / kWh
Fuel Rate - $9.1035 / MMBTU

The combustion gas turbine and IC engine CHP system analysis assumes a HTHW return temperature of 300 degrees Fahrenheit to the central
plant, and an operating pressure of 280 psig.
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4.3.2 JB Anacostia-Bolling Site Specific Application Factors
JBAB presented the best economic results in Level I analysis, but was not used for the
Level II application study due to the constraints on the base‘s energy office. As part of the jointbasing concept, the physical plant organization of the base‘s Navy and Air Force units are
combining. Consequently, the data gathering demands of this research required more time than
could possibly be volunteered by base personnel. Nonetheless, this case study presents unique
site specific CHP application factors that differ from other bases.
In contrast to Hill and Whiteman AFB, JB Anacostia-Bolling is served by a HTHW
district heating system in conjunction with a CHW plant. Additionally, an ice-storage system
allows the base to consume energy for cooling energy during off-peak hours. Limited space
exists for the integration of a CHP system with the existing central plant infrastructure. Unlike the
rest of the AF locations studied, the interruptible gas service to this base is actually interrupted
much more frequently. It was previously shown that IC engines are a better fit for this base due
to its thermal to power ratio. These units are not duel fuel capable, therefore a CHP system could
be expected to be shut down much more frequently, passing the thermal load back to the existing
HTHW generators. Utility service for a CHP system at JB Anacostia-Bolling would be a major
factor in application, including potential standby power costs for a system that is served by an
interruptible fuel service. Lastly, JB Anacostia-Bolling is located in an extremely dense city area,
making air permitting a concern for any new combustion device. This differs from the other
bases in this research, which are generally located in areas where population density is much
lower.

85
4.4 Robins Air Force Base
Robins AFB (RAFB) is an Air Force Material Command base located in central Georgia,
and is home to the Warner Robins Air Logistics Center. The logistics center supports many U.S.
Air Force airframes, including the C-5, F-15, C-130, U-2, and all Air Force helicopter and special
operations platforms. RAFB also houses the 78th Air Base Wing, 330th Aircraft Sustainment
Wing, 402nd Maintenance Wing and the 542nd Combat Sustainment Wing, in addition to many
other tenant units (RAFB PA 2011).

4.4.1 Robins AFB Level I Analysis
The Robins AFB district heating system is comprised of two central steam plants
operating at 125 psig, which serve both space heating and process loads for 68 facilities on the
base‘s industrial complex. The 402nd Maintenance Wing is the base‘s major industrial energy
utilizer, and pays 68% of the total Robins AFB utility bill based on historic consumption rates
(Bradley 2011). The 402nd‘s 8,100 personnel are responsible for depot-level maintenance for
more than 40 unique weapon systems including the C-17, C-130, F-15 and C-5 aircraft (RAFB
PA 2011). Because of this energy intensive mission, in addition to other base organizations, there
have been a number of investigations to reduce energy intensity. A recent study of renewable
energy options for Robins AFB recommends biomass fired steam, electrical generation and
cogeneration plants. An abundant source of wood fuels can be found in areas close to the base,
reducing transportation costs and increasing the economic viability. Photovoltaic electric power
generation is also recommended to aid Robins AFB in meeting renewable energy goals, but it is
recognized that payback periods would be longer for this option. Georgia Power (local utility)
also investigated a project to construct a central biomass fired CHP plant on Robins; analysis
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showed this option can be technically and economically viable, but it requires engineering
management support across the base to execute. Energy studies by individual Wings at Robins
AFB have installed advanced metering while investigating ways to reduce energy intensity and
utility bills by improving system efficiencies. In addition to demand reduction through efficient
mechanical controls, system operation, and re-commissioning, energy supply improvements are
recognized as necessary to meet Federal mandates. Engineering analysis has shown CHP systems
are a viable solution to address supply inefficiencies, but require credit for overall reduction in
primary energy consumption from the current separate heat and power systems. Currently, an
ESPC is being formulated to decentralize the Robins AFB district steam system to address energy
supply inefficiencies and Federal energy intensity mandates.
Utility data from FY10 was provided by the Robins energy office for steam, natural gas
and electrical consumption. Consumption was assumed to be evenly spread over each hour of the
month to create the load profiles shown in Figure 4-13. This data is also used to calculate the
CHP metrics spark spread and thermal to power ratio, which are $14.10/MMBTU and 3.31,
respectively. This indicates a CHP system can be economically feasible and a combustion gas
turbine prime mover is the best fit to serve these loads. The steam load duration curve
represented by Figure 4-14 was constructed from this monthly steam data by assuming even
hourly consumption. Chilled water loads are spread between five plants varying in size from
2,500 – 10,000 tons. CHW produced by CHP systems is assumed to offset electric chiller
consumption at these plants. Yearly performance serving these loads is evaluated for each prime
mover system to estimate the viability of a centralized CHP system at Robins AFB.
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Robins AFB Load Profiles FY10
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Figure 4-13: Estimated Robins AFB electric & steam load profiles.
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Figure 4-14: Estimated Robins AFB steam load duration curve.
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Level I analysis of combustion gas turbine systems evaluates 11 different configurations,
and shows viable options for CHP application at Robins AFB. Deaerator steam consumption was
not subtracted from prime mover production rates at this stage of analysis, and is not included in
overall system efficiency calculations. Turbines sized to meet the thermal base-load provided the
best simple paybacks, which were improved upon with thermal load-following by duct-firing to
meet higher steam loads for part of the year. A hybrid combined-cycle gas turbine CHP system
paired with a condensing steam turbine was also evaluated. These systems investigated
increasing turbine sizes above the thermal base-load requirement and passing excess steam
through a turbine to produce more electrical power. System thermal efficiencies drop below
acceptable levels excluding case 9 in Table 4-4, which summarizes Level I analysis for Robins
AFB. This case has a higher efficiency than most hybrid systems evaluated because only a small
amount of excess capacity is required to be passed through the steam turbine. Pairing a gas
turbine CHP system with a double-effect absorption chiller is also evaluated in case 11 and shows
a much higher system efficiency of 85.5% while having a simple payback of approximately eight
years. Level I analysis of gas turbine CHP system application at Robins AFB shows multiple
viable options for future consideration.
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Table 4-4: Robins AFB Level I analysis summary.
CASE

PRIME
MOVER

CHP SYSTEM

SPB
(yrs)

EFFICIENCY
(%)

NOTES
System provides 11.3% of electrical base-load. RAFB
base-load steam requirement is 21.7 klb/hr. Steam
production rate does not subtract deaerator
requirement, and is at 150 psig pressure (comment
applies for all GT analysis cases).

1

GT

Solar Centaur 40, thermal base-load operation for
8424 hours (2 wk O&M period).

7.87

71.48

2

GT

Solar Mercury 50, thermal base-load operation for
8424 hours (2 wk O&M period).

7.58

71.06

3

GT

7.33

74.72

System provides 8.3 klb/hr of steam towards 21.7
klb/hr base-load.
Same electrical output as M50 (case 2) but machine is
not recuperated for higher electrical output. CHP
system is more efficient since recovering this heat to
meet RAFB steam load. Steam production rate is 4
klb/hr higher than the thermal base-load requirement
for estimated 730 hours (1 month).

4

GT

6.97

77.83

Duct-firing to meet higher thermal load improves
system viability in this case.

5

GT +
ST*

7.07

66.69

System produces 8.9 MW total power. Smaller gas
turbine (Case 9) operated in same manner is more
efficient, but produces less power.

7.65

60.10

8.31

50.12

6

GT +
ST*

7

GT +
ST*

Solar Centaur 50, thermal base-load operation for
8424 hours (2 wk O&M period).
Solar Centaur 40, thermal base-load operation for
5796 hours, duct-fired at 1600F for 2628 hours.
Assume 2 wk O&M period.
Solar Taurus 70, 8424 hours, hybrid combinedcycle heat recovery CHP system. All steam
production in excess of 21 klb/hr (thermal baseload) is passed through condensing steam turbine.
Solar Titan 130, 8424 hours, hybrid combinedcycle heat recovery CHP system. All steam
production in excess of 21 klb/hr (thermal baseload) is passed through condensing steam turbine.
Solar Titan 130, 8424 hours, duct-fired at 1600F,
hybrid combined-cycle heat recovery CHP system.
All steam production in excess of 21 klb/hr
(thermal base-load) is passed through condensing
steam turbine.

System provides 19.1 MW total power, system
efficiency is too low to be a technically viable system.
System produces 26.4 MW total power when duct-fired
to increase steam rate through steam turbine, but
dramatically lowers system efficiency. Demonstrates
increasing energy input for a low-efficiency process
does not benefit plant economics.
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8

GT +
ST*

Solar Taurus 65, duct-fired at 1600F, 8760 hours,
hybrid combined-cycle heat recovery CHP system.
(4) time steps: 60% summer load of 24klb/hr,
10% transition load of 37.5 klb/hr, 20% winter
load of 52.8klb/hr, 10% winter peak load of 60.5
klb/hr. In all cases excess steam production
passed through condensing steam turbine.

6.16

64.35

System is thermal load following, produces 6.3 MW
electrical power through gas turbine. Good economic
performance but poor overall thermal efficiency.
Total electrical power 7.2 MW, system efficiency high
enough for technical viability, only case with steam
turbine hybrid combined cycle system with acceptable
efficiency.

Solar Taurus 65, 8424 hours, meeting steam baseload of 21.7 klb/hr, excess capacity passed through
9
condensing steam turbine.
6.72
72.36
Solar Taurus 65, 8424 hours, meeting steam baseload of 21.7 klb/hr, excess capacity passed through
GT +
condensing steam turbine. This case duct-fired to
Total electrical power 9.6 MW. Increased firing rate
10
ST*
1600F to increase electrical production.
7.26
58.88
hurts case economics and system efficiency.
Solar Centaur 40, double-effect absorption chiller,
8760 hours. (3) time steps: thermal base-load
System produces 3160 tons CHW. Rate of $1200/RT
21.7klb/hr steam 2280 hours, duct-fired at 1600F
adopted for CHW plant equipment in addition to
for 2880 hours for increased thermal load, ductabsorption chillers, included in economic analysis.
GT +
fired at 1600F for 3600 hours meeting 21.7 klb/hr
RAFB has a year-round chilled water load spread
11
CHW
steam base-load, remainder to chiller
7.98
85.47
between 4-5 plants, total size 2500 - 10000 tons.
(5) GE Jenbacher J624 units, 8424 hours, 2 wk
System produces approximately 21.7 MW. Assumed
IC +
O&M period assumed, jacket thermal sent to
95% of exhaust heat was recoverable, and 100% of
12
CHW
single-stage absorption chiller year-round.
9.85
65.29
recovered energy is converted to steam.
*For condensing steam turbine, theoretical steam rate from ASHRAE S&E 2008 7.28 Table 15 is used, assuming exhaust pressure of 4 in Hg (absolute). At
this rate ST has 29% electrical efficiency
GT +
ST*

For all cases, deaerator steam consumption is not subtracted from CHP system's distribution to heating system.
Electric Rate - $0.0645 / kWh
Fuel Rate - $4.8016 / MMBTU
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An IC engine prime mover system is also evaluated in case 12for Robins AFB which
contains five Jenbacher J624 engines and a single-stage absorption chiller. This system meets a
much larger part of the Robins electrical load than the gas turbine options and matches the
estimated steam base-load of 21.7 klb/hr. Waste heat from the engine jacket cooling water circuit
is used to fire an absorption chiller year-round, while all of the exhaust energy is used to produce
125 psig steam. The results show that this system is a good fit for the Robins AFB load profiles,
but has poorer efficiency and economic performance when compared with gas turbine options.

4.4.2 Robins AFB Site Specific Application Factors
Robins AFB is unique from the other bases included in this research study because of its
proximity to a viable biomass fuel source for a CHP plant. Additionally, the local utility
company has a gas turbine power plant located within the installation boundaries. The city of
Warner Robins, where Robins AFB is located, is also host to Georgia‘s largest CHP plant, a 316
MW natural gas fired combined-cycle system in operation since 1997(U.S. Department of Energy
2011). The Level I analysis introduction for this base also details numerous studies that have
been conducted for both energy sources and consumers on the base. Their documented
characterization of energy usage and options for addressing inefficiencies is expansive. As the
southernmost installation in this research, Robins also has numerous CHW plants throughout the
base. Generally, CHW was seen on a much more limited scale at other bases, due to their
geographic location. This year-round distributed CHW production presents an additional positive
application factor for CHP systems at Robins AFB; their loads can be used to level the sharp
steam load transients seen during summer months. With a large electrical load to serve yearround, CHP prime movers can be up-sized if tied to chilled water production during lower
process and facility steam load time periods.
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4.5 Malmstrom Air Force Base
Malmstrom AFB (MAFB) is an Air Force Global Strike Command installation located in
Great Falls, Montana and home of the 341st Missile Wing. Malmstrom is responsible for the
operation of the LGM-30G Minuteman III Intercontinental Ballistic Missile weapon system as
well as the UH-1N Huey helicopter. The base population is approximately 4,000 people who
work throughout the 13,800 square mile missile complex covering central Montana (MAFB PA
2010). Malmstrom‘s district heating system, the central heat plant supplying it, and typical
operating conditions are reviewed next.

4.5.1 Malmstrom AFB Level I Analysis
Malmstrom AFB has a coal-fired (stoker coal primary fuel, natural gas auxiliary fuel)
HTHW central heating plant that serves 69 facilities in the industrial part of the base; the plant is
one of three coal-fired plants left in the USAF inventory. The majority of major buildings and
heating loads on the base are served by the HTHW system, but there are 222 remaining facilities
that are served by natural gas boilers. The distribution system is located above and below ground,
with the majority of piping housed in deep buried concrete trenches. Individual lateral piping
runs to facilities are pre-fabricated direct buried piping systems, and are being replaced in phases
each year. Malmstrom AFB is also in the middle of a major distribution system maintenance
program spanning more than six years. Pipe insulation, jacketing, roller supports, fixed supports,
failed trench lids, dewatering stations, manholes and trench sealing are being replaced in phases
each year for the first time since the system was built in 1983. HTHW is distributed from the
plant to individual facilities, where it is exchanged to create lower temperature water for facility
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heating. This system represents the thermal loads a CHP system could potentially serve, in
addition to Malmstrom AFB‘s electrical requirements.
The plant that feeds the central heating system is typically run from October through late
May of each year, but year-round operation (excluding O&M periods) is being considered for the
future. Yearly heating requirements consume approximately 60% of the total capacity. The plant
supply temperature is 350 degrees Fahrenheit, while return temperatures vary between 300 and
320 degrees Fahrenheit. System pressure in the expansion tank varies from 270 psig to 290 psig.
The MAFB energy office is currently investigating Organic Rankine Cycle technology to recover
waste heat from the internal plant operation, which could generate approximately 0.5 MW onsite. The plant‘s stack emissions currently meet restrictions from new boiler MACT rules, and no
future plans to upgrade this system are currently planned. This overview of the HTHW
distribution and generation systems is now followed by a summary of MAFB loads.
To assess CHP application potential for this HTHW plant and Malmstrom AFB, FY10
utility data was collected from the energy office in the form of monthly electrical consumption,
monthly natural gas consumption, and daily boiler logs for the HTHW plant. Viability screening
for CHP application was conducted using the natural gas consumption for the industrial part of
Malmstrom AFB (excluding the military family housing area consumption) and total base
electrical consumption, shown in Figure 4-15. Figure 4-16 also shows the FY10 load profiles for
HTHW (only serving the industrial part of the base) and total electrical consumption, which
represent the actual loads a CHP system would potentially serve. Utility data shows a low
electrical rate of $0.06/kWh coupled with a natural gas rate of $9.1733/MMBTU, which hurts
CHP economics. The spark spread metric was calculated to be $8.39/MMBTU, the lowest of all
bases studied, and well below the suggested minimum of $12.00/MMBTU. Additionally,
electrical power in this region is generated from a series of hydroelectric dams on the Missouri
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River, reducing the carbon footprint offset a CHP system would normally provide. Since the
HTHW plant is coal-fired, the total therms of fuel energy consumption of the Malmstrom AFB
industrial area must combine natural gas and coal consumption. This number is divided by
Malmstrom‘s total electrical energy consumption (both in BTU) to calculate the thermal to power
ratio. Malmstrom‘s ratio is 2.09, which suggests gas turbines are a better prime mover for the
installation‘s load profiles. If only the energy consumption by the plant is considered with total
electrical consumption, the thermal to power ratio is 1.65, still above the recommended range of
0.5 to 1.5 for IC engine prime movers.

FY2010 Monthly Electrical & NG Demand

MW

7

MMBTU

12,000

6

10,000

5
8,000
4
6,000
3
4,000
2
FY2010 Monthly Electrical
Consumption

1

2,000

FY2010 Monthly NG
Consumption

0

0
Oct-09

Dec-09

Feb-10

Apr-10

Jun-10

Figure 4-15: Estimated Malmstrom AFB electric & natural gas load profiles.
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FY2010 Electrical and HTHW Heat Demand
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Figure 4-16: Estimated Malmstrom AFB electric & HTHW load profiles.

Malmstrom AFB also provided hourly electrical and HTHW plant data for January 2011,
giving insight into major load events that are typical when evaluating profiles for U.S. Air Force
bases. The values provided for each hour of the day were averaged for each day of the month,
represented by Figure 4-17. This load profile is the average variation of HTHW and electrical
demand for Malmstrom AFB during the month of January. Notable variations in the total electric
load exist in conjunction with normal duty hours. Between 0500 to 0800 hours, personnel in
military family housing areas are getting ready and arriving at work. A steady electrical load is
seen during normal duty hours, with an increase starting at 1700 hours from personnel arriving
home to military family housing areas. This suggests that for a small base tied to a housing area,
the majority of load variations do not result from changes in the industrial part of the base. This
may not be the case for larger installations such as Hill AFB, and must be investigated further
with hourly data in Level II analysis.
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The January 2011 average hourly Malmstrom AFB HTHW load is also shown in Figure
4-17, which picks up from 0200 to 0500 hours, typically the coldest part of the winter night. The
thermal load is stable during the day until noon, and decreases as the afternoon passes and outside
temperature is increasing. The rise from 0400 to 0800 hours is the building warm-up period from
night time setback. Overall, the magnitude of these variations cannot be translated to other bases,
but the specific events that precipitate these peaks and drops are present at the majority of U.S.
Air Force installations.
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Figure 4-17: Average Malmstrom AFB HTHW & electric hourly loads, January 2011.

Level I analysis of a gas turbine prime mover reflects what the screening calculations
above predict: CHP systems are not feasible at the current utility rates. A Solar Centaur 40 gas
turbine system meets the thermal base-load for Malmstrom AFB while producing 3.5 MW of
power. Gas turbine generated electrical power would cost $0.1267/kWh at current rates, roughly
double the purchased price. Fuel calculations for this plant differ from the previous four cases
because Malmstrom uses coal as a primary fuel. The FY10 rate for coal used at the central heat
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plant is $7.2301/MMBTU. Heat recovered from the CHP system was assumed to be worth this
rate divided by 0.8 to account for HTHW generator efficiency. Yearly plant fuel costs are used to
compare the current system with the proposed CHP system. The FY10 cost to power the base
and run the HTHW plant is:

The proposed CHP system is:

Over one year, the proposed CHP system costs $223,842.15 more than the current separate heat
and power operation, at a total efficiency of 68.21%. This case fits the Malmstrom AFB load
profiles well, but is not economically feasible. Future air quality restrictions, central heat plant
fuel conversion to natural gas, and higher electric utility rates are all catalysts for a plant
renovation project: CHP may be a more economically viable option in the future if conditions
change.

4.5.2 Malmstrom AFB Site Specific Application Factors
Although current site economics are a negative application factor for CHP, the previous
analysis shows Malmstrom AFB also has some positive attributes for this type of system. An
extremely well maintained distribution network for HTHW service already exists, which
eliminates concern with the district energy system‘s efficiency present at other locations studied
in this thesis. While current utility prices limit the application of a CHP system, if a plant fuel
conversion is ever required in the future, CHP could be a viable option. While MAFB is the
northernmost installation studied, it does not operate its heat plant year-round, which limits
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application potential. The base‘s demand for process heat is extremely small compared with
other bases, and heat consumption for dehumidification is non-existent due to the dry climate and
the summer shut-down period. This means any CHP system considered at this location will be
subjected to large transient loads for facility heating.

4.6 CHP Application Metrics Study Results
In addition to the Level I results, a broader appraisal of CHP application at U.S. Air
Force bases was undertaken. The spark spread and thermal to power ratio CHP metrics are
calculated for bases located in the U.S. using FY10 utility data. Results for bases in the U.S. with
a significant natural gas and electric purchase are shown in Table 4-5. Bases with extremely low
natural gas purchasing were not evaluated due to the fact that pricing for this commodity would
most likely significantly increase if quantities were raised. It is recognized that an increase in
natural gas service may not be possible in some locations, as well as other site specific
restrictions. Bases decentralized and under energy savings performance contracts are highlighted
yellow while bases that still maintain centralized heat plants are highlighted green in the table. A
total of 38 of 75 (50.7%) of the bases studied have acceptable spark spreads (greater than
$12.00/MMBTU) to consider CHP application. Figure 4-18 displays these 38 bases on top of the
CHP application potential map created in the Onsite market analysis report. Regional
concentrations of favorable utility pricing at U.S. Air Force bases align with application potential
evaluated in the 2000 Onsite commercial/institutional study. The average T/P ratio is 0.91,
indicating bases tend to have higher electrical requirements than thermal. The majority of U.S.
Air Force bases exist in the southeastern and southern parts of the U.S., which require less heat
and control this factor. The results of this analysis provide a quick reference for bases where a
CHP feasibility study is being considered. Table 4-5 generally characterizes the level of CHP
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applicability in the U.S. Air Force, illustrating that the majority of bases with application
potential based on utility pricing do not have district heating systems, and that IC engine prime
movers tend to fit loads best (based on Table 3-1 recommendations).
Table 4-5: Summary of Utility Data study - CHP application metrics for AF bases within the U.S.
RANKING
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

BASE NAME
HANSCOM AFB
CHARLESTON AFB
LOS ANGELES AFS
WESTOVER ARB
MCGUIRE AFB
BOLLING AFB
TYNDALL AFB
VANDENBERG AFB
DOVER AFB
MACDILL AFB
YOUNGSTOWN ARS
HURLBURT FLD
MARCH ARB
LAUGHLIN AFB
GRISSOM ARB
EGLIN AFB
F E WARREN AFB
KEESLER AFB
BUCKLEY ANNEX
KIRTLAND AFB
COLUMBUS AFB
MOODY AFB
PITTSBURGH IAP
NELLIS AFB
ANDREWS AFB
SHEPPARD AFB
POPE AFB
SHAW AFB
TRAVIS AFB
ROBINS AFB
LACKLAND AFB
MPLS-ST PAUL IAP
HOLLOMAN AFB
ELMENDORF AFB
GOODFELLOW AFB
DOBBINS ARB
ALTUS AFB

LOCATION
MA
SC
CA
MA
NJ
DC
FL
CA
DE
FL
OH
FL
CA
TX
IN
FL
WY
MS
CO
NM
MS
GA
PA
NV
MD
TX
NC
SC
CA
GA
TX
MN
NM
AK
TX
GA
OK

T/P RATIO
1.87
0.46
0.34
1.67
1.73
0.44
0.34
0.55
1.49
0.06
1.29
0.42
0.39
0.32
1.52
0.41
1.62
0.58
0.90
0.76
0.61
0.33
1.85
0.63
0.53
0.98
0.63
0.38
0.68
3.31
0.58
1.70
0.92
1.97
0.45
0.58
0.89

SPARK SPREAD
($/MMBTU)
$36.65
$29.21
$26.96
$24.49
$22.83
$22.76
$22.13
$21.73
$21.55
$19.99
$19.41
$19.04
$18.71
$18.03
$17.63
$17.15
$16.99
$16.81
$15.84
$15.80
$15.63
$15.07
$15.05
$14.92
$14.77
$14.53
$14.46
$14.38
$14.22
$14.10
$13.99
$13.49
$12.87
$12.86
$12.33
$12.33
$12.19
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

WHITEMAN AFB
MO
EDWARDS AFB
CA
RANDOLPH AFB
TX
ARNOLD AFB
TN
MCCONNELL AFB
KS
DAVIS MONTHAN AF
AZ
SCOTT AFB
IL
CAPE CANAVERAL
FL
SCHRIEVER AFB
CO
BUCKLEY AFB
CO
HILL AFB
UT
BEALE AFB
CA
LITTLE ROCK AFB
AR
DYESS AFB
TX
CANNON AFB
NM
NIAGARA FALLS
NY
GUNTER AFB
AL
MINOT AFB
ND
GRAND FORKS AFB
ND
USAF ACADEMY
CO
PATRICK AFB
FL
SEYMOUR JOHNSON
NC
TINKER AFB
OK
LUKE AFB
AZ
MAXWELL AFB
AL
LANGLEY AFB
VA
MALMSTROM AFB
MT
WRIGHT PATTERSON
OH
ELLSWORTH AFB
SD
PETERSON AFB
CO
BARKSDALE AFB
LA
MT HOME AFB
ID
CAVALIER AFS
ND
FAIRCHILD AFB
WA
VANCE AFB
OK
MCCHORD AFB
WA
OFFUTT AFB
NE
CHEYENNE MTN AFB
CO
Heat Plant
Decentralized/ESPC Planned

1.38
2.33
0.43
0.52
1.06
0.47
0.47
0.18
0.64
0.32
1.00
0.45
1.05
0.72
0.85
1.61
0.46
1.32
1.36
1.92
0.09
0.55
1.20
0.27
0.85
0.62
2.09
0.23
1.76
0.79
0.58
1.54
0.42
1.93
0.76
1.47
0.64
0.00

$12.13
$11.99
$11.65
$11.63
$11.22
$11.10
$11.07
$10.99
$10.79
$10.67
$10.36
$10.32
$10.31
$10.26
$9.96
$9.96
$9.94
$9.92
$9.89
$9.84
$9.77
$9.34
$8.95
$8.86
$8.85
$8.69
$8.39
$8.26
$8.22
$6.55
$6.04
$5.75
$5.39
$4.86
$3.54
$3.49
$2.81
$1.41
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Figure 4-18: USAF bases with acceptable spark spreads; locations ranked and overlaid on top of Onsite
CHP application potential map. Source: Adapted from The Market and Technical Potential for Combined
Heat and Power in the Commercial/Institutional Sector (Onsite 2000)

4.7 Level I Analysis Summary
Level I analysis for the five participating bases estimates the technical and economic
viability of applying a CHP system to serve the load profiles compiled. After data collection and
interviews with energy engineers at each location, the Level I analysis methodology is applied.
The results of the CHP application metrics for each base shown in Table 4-6 provided the starting
point. Next, a battery of system configurations meeting the load requirements of each location
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was created and analyzed. The best performing systems from this work are summarized in Table
4-7, and include results for CO2 reduction from GHG emissions analysis. Although JB
Anacostia-Bolling is estimated to be the top economic and technically viable application of CHP
in Level I analysis, Hill AFB was selected for further evaluation. Hill‘s district steam system is
aging, and electric utility rates are increasing this fall, putting the base at a critical juncture. Their
current focus is on the best use of taxpayer dollars to effectively meet the thermal and process
loads year round. Energy studies of these loads are currently being performed at the facility level.
A combined heat and power system is one of the options to consider for improved source
efficiency at Hill AFB, which will be evaluated further in Chapter 5.
Table 4-6: Summary of CHP application metrics from Level I study.
LOCATION

SPARK SPREAD
($/MMBTU)

THERMAL TO POWER
RATIO

Joint Base Anacostia-Bolling
Hill AFB

22.76
10.36

0.44
1.00

Malmstrom AFB

8.39

2.09

Robins AFB

14.10

3.31

Whiteman AFB

12.13

1.38
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Table 4-7: Summary of best performing CHP configurations from Level I study.
BASE

JB
AnacostiaBolling

PRIME
MOVER
GT +
CHW

Malmstrom
AFB
Whiteman
AFB

EFFICIENCY
(%)

CO2
Reduction
(tons/yr)

4.76

74.79

11,065

(1) J624 GE Jenbacher unit with
single-stage absorption chiller

3.69

67.55

27,448

Solar Taurus 65

5.59

80.97

48,377

(5) J624 GE Jenbacher units
with single-stage absorption
chiller

11.27

61.48

124,812

Solar Centaur 40, duct-fired

6.97

77.83

18,374

(5) J624 GE Jenbacher units
with single-stage absorption
chiller

9.85

65.29

54,950

GT

Solar Centaur 40

(-)

68.21

17,523

IC

NA

GT

Solar Mercury 50

IC +
CHW

IC +
CHW
GT

Robins AFB

SPB

Solar Saturn 20 unit, duct-fired

GT
Hill AFB

BEST PERFORMING CHP
SYSTEM

IC +
CHW

IC +
CHW

(2) J624 GE Jenbacher units
with single-stage absorption
chiller

NA

NA

NA

5.61

72.63

30,260

12.92

61.57

40,334

Note: Individual Level 1 analysis results summary charts show CHP system specifics

Chapter 5

Level II Feasibility Analysis Results
This chapter details the results from applying the Level II CHP feasibility study
methodology given in Chapter 3. Hill AFB is selected to participate in this portion of the
research due to its relatively positive performance in Level I analysis, in addition to the timely
requirement to evaluate future options for their district energy system. CHP is an idea being
considered by Hill‘s energy office, but a formal application study has not been accomplished.
Chapter 5 will assess CHP application by specifying siting, analysis cases, hourly economic plant
dispatch, and expected life cycle costs of a CHP system at Hill AFB.

5.1 CHP Plant Siting
A site visit to Hill AFB was completed to understand the steam infrastructure and
establish where a CHP system could fit in. Data was gathered through interviews with plant
operators, visits to major steam consuming facilities, and traveling the steam distribution lines.
Figure 5-1 shows the WIWMD waste burn plant that supplies the purchased steam load to Hill
AFB, a central factor in Level II analysis. This plant is near the end of its life cycle and may not
be an available resource for Hill AFB after their steam purchase contract expires in 2014.
Purchased steam is integrated with the base distribution system at the main plant, which is also
aging. According to the plant operations staff, production of the total steam load at the main
plant is possible without further capital investment when burn plant steam is no longer available
for purchase. Figures 5-2 through 5-4 depict the main plant during the site visit, which is the best
location for a CHP system. The plant facility currently houses eight boilers, and would require
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the removal of older units to make room for a CHP system. Since some of these older units do
not have low NOx controls and are not typically operated, removal is not an issue. Any structural
additions to the plant facility would be limited by its close proximity to other buildings.

Figure 5-1: WIWMD offsite waste burn plant supplying purchased steam to Hill AFB.

Figure 5-2: Burn plant steam supply monitoring station in Building 260, boilers shown in background.

106

Figure 5-3: Outside of Building 260 plant, showing above ground distribution system piping.

Figure 5-4: Part of Building 260 plant water treatment system.
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Figure 5-5 shows the location of the main steam plant, which is in the center of the base
industrial area. The figure also illustrates the density of industrial buildings where the steam
distribution system runs. The WIWMD burn plant is circled in the lower right corner on the
perimeter of the base. The burn plant steam supply line runs underneath the flight line area to the
main plant, Building 260.
Hill AFB is located in Davis County, Utah, which is currently designated as a
Nonattainment Area (Salt Lake City, UT) for particulate matter (PM – 2.5) based on the 2006
standard. This classification requires that any new source of emissions meet strict requirements,
which will be an additional cost factor for CHP application. Figure 5-6 summarizes
Nonattainment areas for this criteria pollutant in the state of Utah.

BLDG 260

BURN PLANT

Figure 5-5: Hill AFB overhead showing main steam sources.
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Figure 5-6: Nonattainment areas for 2006 24-hr fine particle National Ambient Air Quality Standards.
Source: U.S. EPA

5.2 Applicable Utility Rate Schedules
Level II analysis uses the natural gas and electric utility costs from May 2010 through
April 2011, which are shown in Table 5-1. This data set reflects the most up to date pricing
provided for analysis during this research. Life-cycle cost analysis with BLCC software uses the
yearly average utility rates shown at the bottom of the table. Electric utility service to Hill AFB
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is provided by Rocky Mountain Power through their #9 high voltage schedule. Schedule #9 rates
were recently (Oct 2011) increased by 8.5% after the conclusion of the Level II study. This
service has varying peak and off-peak times: On-peak hours for October through April
(inclusive) are 7:00 a.m. to 11:00 p.m., Monday through Friday excluding holidays. For May
through September (inclusive), on-peak hours are 1:00 p.m. to 9:00 p.m., Monday through Friday
excluding holidays. Off-peak hours are all other times. Both of the rate schedules shown in
Table 5-1 are applied in the Level II analysis spreadsheet tool. BLCC software and the
spreadsheet tool also include costs from the applicable standby rate schedule, #31. Table 5-2
shows the Rocky Mountain Power backup and maintenance power service schedule #31 applied
to the Level II CHP system. The table assumes a runtime of 97% for the turbine, and includes
required O&M service and unscheduled outages. Past utility rates history for electric and natural
gas service are provided in Appendix E for reference. Figure 5-7 shows the coverage area for
Rocky Mountain Power and their primary generation resources. With current infrastructure and
utility rates characterized, Level II technical and financial results are presented next.
Table 5-1: Natural gas and electric rates used for Level II analysis.

MONTH

NG RATE
($/MMBTU)

ELEC off-peak
rate ($/kWh)

ELEC on-peak
rate ($/kWh)

May 2010

$4.2592

$0.0309

$0.1423

June 2010

$4.2523

$0.0319

$0.1388

July 2010

$4.5323

$0.0311

$0.1574

August 2010

$5.9756

$0.0294

$0.1219

September 2010

$2.9541

$0.0296

$0.1309

October 2010

$4.2822

$0.0293

$0.0619

November 2010

$3.5694

$0.0298

$0.0627

December 2010

$4.5292

$0.0291

$0.0604

January 2011

$4.4118

$0.0287

$0.0599

February 2011

$4.7307

$0.0291

$0.0639

March 2011

$4.1801

$0.0291

$0.0586

April 2011

$4.5959

$0.0297

$0.0629

AVERAGE RATES

$4.3223

$0.0501/kWh
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Table 5-2: Standby electrical charges for CHP system in Level II analysis.
Standby power schedule - charges. See GT performance tab for
expected performance intervals
Month
Work assumption
Monthly cost
January
O&M
$19,399.20
February
$17,916.00
March
unscheduled outage (2 days)
$23,778.02
April
O&M
$19,352.33
May
$17,916.00
June
unscheduled outage (2 days)
$23,154.04
July
O&M
$19,179.25
August
$17,916.00
September
unscheduled outage (2 days)
$23,236.78
October
O&M
$19,321.12
November
$17,916.00
December
unscheduled outage (1 day)
$20,576.39
Total Cost
kWh generated
Avg Standby Rate

yearly CHP elec prod (kWh)
$/kWh
$/kW per year
$/kWh / hrs

$239,661.13
46,378,466.45
$0.0052
$45.24
$0.0053

Figure 5-7: Rocky Mountain Power service assets and coverage area. Source: Rocky Mountain Power.
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5.3 Level II Analysis Results
The Level II spreadsheet tool and Building Life-Cycle Cost program are used to analyze
three cases for CHP application at Hill AFB, all of which utilize a Solar Turbines Taurus 65 unit
for the prime mover. This size gas turbine had the best performance in Level I analysis of Hill
AFB, and was also recommended by the manufacturer after review of the site load profiles. The
first case is a non-duct fired CHP system augmented with Hill‘s main steam plant to serve the
entire steam load. The second case is the same as the first with the addition of duct-firing the
HRSG. The third case evaluates the continued purchase of steam (if the burn plant is modernized
and purchase contract renewed) augmented with the main plant and a non-duct fired CHP system.
In each scenario the estimated CHP system performance is compared with the expected Hill AFB
baseline system. Site energy requirements are shown as monthly design day load profiles and
baseline data, compiled in Appendix A for reference. In each case the technical results for CHP
system performance are presented first, followed by economic analysis results using the BLCC
program.

5.3.1 Case 1: Non-Duct Fired CHP with Building 260 Plant
The first case evaluates a non-duct fired system which is augmented with the main plant
to meet the entire steam load at the Building 260 distribution header. This configuration meets
the low summer-time thermal load, providing 24.38% of the yearly steam demand and 17.92% of
the yearly electric demand. Overall, this system requires an increase in production from the main
plant, above what is currently required with supplemental purchased steam.
Figure 5-8 displays the monthly results of using this system configuration to meet the Hill
AFB design day loads. The difference between the actual data for monthly steam totals and the
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calculated monthly totals using the truncated year method is represented by the gap between the
two curves. December is the only month where a significant difference appears. This is most
likely because of an outside air temperature fluctuation across December that is not represented
by the hourly data from which the design days are constructed. Steam production for this system
is flat across the year, only slightly dipping during the summer months due to low demand.
Monthly totals from hourly electrical data show the summer cooling season as a rise in total
electrical demand from July through September. Turbine electrical output is slightly reduced
during these months due to high inlet air temps, shown by the CHP electrical production profile.
Figure 5-9 shows the CHP system‘s estimated monthly thermal efficiency while running in this
configuration to meet the truncated year design day loads. Performance during the summer
months is reduced due to high inlet air temperatures. Average CHP system thermal efficiency for
the year is 71.87%. Although these results show this CHP system can be technically viable, its
economic performance throughout the year is the deciding factor for application.

Case 1: Monthly Total Operating Points for HAFB
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Figure 5-8: Case 1 monthly operating points in Level II analysis.
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Case 1: Estimated CHP System Thermal Efficiency
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Figure 5-9: Case 1 calculated monthly CHP system thermal efficiency.

Financial analysis of Case 1 shows this configuration is not an economically viable
option at the current utility pricing. Hourly CHP plant economic dispatch is calculated for each
design day to show operational costs of the CHP system compared with the costs of separate heat
and power. Figures 5-10 and 5-11 show these results for week and weekend truncated year
design days. Generally, running this CHP plant case is only profitable during times when peak
electric rates apply (see rate schedule in Section 5.2).
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CHP Plant Hourly CHP Savings Factor for Monthly
$/kWh Generated
Workweek Design Days
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Figure 5-10: Case 1 hourly economic dispatch for workweek design days.
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Figure 5-11: Case 1 hourly economic dispatch for weekend design days.
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Life-cycle cost analysis with BLCC software shows Case 1 is currently not a favorable
investment. The non-duct fired CHP system is compared with the baseline of meeting the entire
steam load with Hill‘s main plant. Results are presented in Table 5-6, which summarizes all
Level II life-cycle cost analysis in Section 5.3.4. The table shows the Level II spreadsheet tool
and BLCC software have similar results for SPB and first-year savings. The difference in these
two methods is attributed to BLCC‘s calculation inputs; averaged yearly utility rates are used
instead of the electric rate structure built into the spreadsheet. A SPB of 20.02 years and savings
to investment ratio (SIR) of 0.82 calculated by BLCC eliminate Case 1 for AF funding.
Sensitivity analysis is also performed using BLCC by separately varying the electric and
gas rates, shown in Table 5-3. Varying the natural gas rate had small impacts on project viability
compared with adjusting the electric rates. This is because the natural gas increase from using the
Case 1 CHP system is small compared with producing the full steam load with the main plant.
The viability of applying the Case 1 CHP system at Hill AFB is highly dependent on the average
electric rate being raised above $0.06/kWh.
Table 5-3: Sensitivity analysis of Case 1 CHP system.
Gas Rate
($/MMBTU)

SIR

SPB

Total Discounted
Operational Savings

$2.5000

1.48

11.91

$19,049,029

$3.0000

1.3

13.4

$16,699,999

$3.5000

1.12

15.31

$14,350,970

$4.0000

0.93

17.87

$12,001,940

$4.5000

0.75

21.44

$9,652,911

$5.0000

0.57

26.81

$7,303,882

$0.0500

0.81

20.16

$10,402,158

$0.0600

1.48

11.75

$18,961,941

$0.0700

2.14

8.29

$27,521,724

$0.0800

2.81

6.41

$36,081,506

$0.0900

3.47

5.22

$44,641,289

$0.1000

4.14

4.40

$53,201,071

Electric Rate ($/kWh)
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5.3.2 Case 2: Duct-Fired CHP with Building 260 Plant
The second case analyzed in the Level II study is a duct-fired gas turbine CHP system
augmented with the main steam plant. The percentage of total electrical load served is still
17.92%, but this configuration meets 61.58% of the required steam load. Duct-firing produces
steam at 90% efficiency compared with the 78% average for the main plant‘s boilers, making it a
logical choice to meet Hill‘s large demand variations. Duct-firing also reduces the steam demand
on the main plant compared with current operations, while decreasing O&M and extending
existing equipment life.
Hourly analysis is displayed in Figure 5-12 as monthly operating points for the Case 2
system, which matches Hill FB thermal requirements better than Case 1. Duct-firing is
modulated during the swing seasons and summer months to follow the required steam load.
Hourly analysis shows that during the spring and fall, a duct-fired unit may not operate at full
capacity due to variations in steam requirements. This explains the gap between the design day
monthly totals curve and CHP steam production curve when loads are less than the CHP system‘s
maximum capacity (approximately 58,400 klb). Monthly CHP system thermal efficiency is
plotted in Figure 5-13, and has a yearly average of 74.68%.
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Case 2: Monthly Total Operating Points for HAFB
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Figure 5-12: Case 2 monthly operating points in Level II analysis.
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Figure 5-13: Case 2 calculated monthly CHP system thermal efficiency.

Case 2 is more technically viable than Case 1 because of increased efficiency, but
economic performance is only slightly better due to the increased capital costs for a duct-fired
system. Figures 5-14 and 5-15 show the hourly economic dispatch of the plant, which tends to be
negative during off-peak hours. Results for life-cycle cost analysis of this case using BLCC are
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shown in Table 5-6. First year savings are slightly increased by utilizing a duct-burner, but SPB
remains high at 19.66 years with an SIR of 0.87, eliminating funding prospects at current utility
rates. Sensitivity analysis in Table 5-4 shows these metrics for a spread of electric and natural
gas rate fluctuations. At the current electric rate, gas costs must be greatly reduced below market
value in order for the project to be viable. If average electric charges are raised above
$0.0700/kWh, a CHP plant quickly becomes a more economically viable option.
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Figure 5-14: Case 2 hourly economic dispatch for workweek design days.
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Figure 5-15: Case 2 hourly economic dispatch for weekend design days.
Table 5-4: Sensitivity analysis of Case 2 CHP system.
Gas Rate
($/MMBTU)

Total Discounted
Operational Savings

SIR

SPB

$2.5000

1.39

12.95

$21,642,112

$3.0000

1.24

14.29

$19,429,363

$3.5000

1.10

15.93

$17,216,613

$4.0000

0.96

18.01

$15,003,864

$4.5000

0.82

20.71

$12,791,115

$5.0000

0.68

24.35

$10,578,365

$0.0500

0.86

19.77

$13,491,928

$0.0600

1.41

12.53

$22,051,711

$0.0700

1.96

9.18

$30,611,493

$0.0800

2.51

7.24

$39,171,276

$0.0900

3.06

5.97

$47,731,058

$0.1000

3.60

5.09

$56,290,841

Electric Rate ($/kWh)
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5.3.3 Case 3: Non-Duct Fired CHP with Building 260 Plant & Purchased Steam
Case 3 investigates running the same CHP system as Case 1, but augmenting it with a
steam purchase from the nearby burn plant. This scenario is evaluated in case the county landfill
burn plant is modernized and a future steam purchase contract is established. Year-round turbine
operation is assumed to ensure the best economic performance. During the summer months,
excess demand above the non-fired turbine production capacity is less than the current minimum
contract steam purchases. It is assumed Hill AFB and the county burn plant would renegotiate
the minimum contract quantities to accommodate a CHP system if this scenario transpires.
Monthly system totals from the hourly Level II results for Case 3 are shown in Figure 5-16.
This case‘s baseline costs are different from the first two cases since part of the total
steam load is purchased (See Appendix C for further discussion of baseline analysis cases). The
CHP system is compared with the actual FY10 costs of running the main plant and purchasing
steam, since this arrangement would be continued with CHP. Figure 5-17 shows the steam
demand requirements in excess of the CHP system‘s production, as well as the reduced summer
demand below current minimum contract quantities. Implementing CHP will reduce the yearly
purchased steam quantity during the summer months, which is a credit in LCC analysis. A 2.5%
escalation rate is applied to this yearly purchase savings because the past contract option-year rate
increases are 2.5% each year. This assumption causes the BLCC analysis to predict a shorter
SPB when compared with the spreadsheet tool.
Results from hourly calculations in the spreadsheet tool estimate 62.86% of the total
steam load at the main plant can be met with the CHP system augmented with the purchased
steam. The remainder of the load is picked up by the main plant‘s boilers. This case produces
the same electrical output as the original un-fired case: 17.92% of the Hill AFB total load.
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Thermal efficiency of this CHP system also remains the same as case 1 (71.87% yearly average)
and is represented by Figure 5-7 above.
Financial analysis of Case 3 gives the same hourly economic plant dispatch as Case 1
(shown in Figures 5-9 and 5-10 above), but life-cycle cost analysis changes due to the assumed
steam purchase. The FY10 contract cost of $7.10/klb to purchase steam is used for the baseline
and CHP system cases. Table 5-5 summarizes sensitivity analysis, which again shows that a CHP
system at Hill AFB becomes viable when electric rates are increased to $0.07/kWh. As with the
previous two cases, reductions in natural gas pricing have little benefit for project economics until
costs are set below market value.
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Figure 5-16: Case 3 monthly operating points in Level II analysis.
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Figure 5-17: Investigation of purchase steam demand after CHP.
Table 5-5: Sensitivity analysis of Case 3 CHP system.
Gas Rate
($/MMBTU)

SIR

SPB

Total Discounted
Operational Savings

$2.5000

2.21

9.26

$28,448,660

$3.0000

1.95

10.57

$25,069,582

$3.5000

1.69

12.30

$21,690,505

$4.0000

1.42

14.73

$18,311,428

$4.5000

1.16

18.34

$14,932,351

$5.0000

0.9

24.29

$11,553,274

$0.0500

1.25

16.97

$16,046,307

$0.0600

1.93

10.53

$24,743,125

$0.0700

2.60

7.63

$33,439,944

$0.0800

3.28

5.98

$42,136,762

$0.0900

3.96

4.92

$50,833,581

$0.1000

4.63

4.18

$59,530,399

Electric Rate ($/kWh)

Sep
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5.3.4 Summary of Level II Analysis Results
Analysis shows all three cases evaluated for the application of CHP at Hill AFB are
limited economically by low electrical utility pricing. The summary of Level II analysis in Table
5-6 also includes an average CHP savings factor calculation for each case, presenting this
conclusion in another manner. The calculation is originally written in the ASHRAE journal
article Assessing Value of CHP Systems (Fischer 2004). The average CHP savings factor
estimates the savings per unit of electricity produced by a CHP system. These savings factors are
calculated using the yearly average costs per kWh for electricity, O&M, standby power, and fuel
cost, while crediting the average heat recovery value per kWh. Case 2 is shown to have a greater
savings per kWh because a higher percentage of heat is recovered over the course of the year,
while in Cases 1 and 3 results are the same because prime mover operation is identical in both
analyses. This agrees with the hourly spreadsheet Level II analysis and BLCC results for first
year savings. Total discounted operational savings for Case 3 BLCC analyses differs from the
previous two cases because of the purchased steam credit assumed each year.
Table 5-6: Summary of Level II analysis results.
First
Year
Savings

SPB

Case 1

$641,980

20.02

Spreadsheet

$658,249

19.52

Case 2

$794,391

19.66

Spreadsheet

$812,070

19.23

Case 3

$761,895

16.87

Spreadsheet

$671,623

19.14

Total Discounted
Operational
Savings
$10,487,756
$13,577,526
$16,133,275
-

SIR

AIRR

Avg CHP Savings
Factor ($/kWh
generated)

0.82

2.30%

-

-

-

0.87

2.52%

-

-

1.26

3.78%

-

-

$0.0121
$0.0144
$0.0121
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5.4 Derived Importance of Energy Mandates and Goals
The importance of the energy mandates and goals discussed in Chapter 2 to CHP
application were evaluated after the completion of Level II analysis. Table 5-7 is an assessment
of the requirements that are driving base energy programs. Understanding where CHP
application fits into how bases program and execute energy dollars is paramount. These five
goals are determined to be the primary influences for bases, and any project seeking approval
must take its contribution towards these goals into consideration.
A CHP project for a district heating system is applicable to Goal 1, which requires an
improvement to site energy intensity. A proposed CHP plant will also compete with the
renewable projects for Goal 2, and must provide a strong economic case for investment. A CHP
plant must also be viable with future base comprehensive plans, which are partially driven by
energy policy. A CHP project for a new or existing building is applicable to Goal 3, which drives
how the design will be shaped. The economic and technical viability of a centralized CHP plant
should be able to endure a changing footprint of buildings being served, and requires a
maintained district system. The energy studies cited in Goal 4 may reduce a plant‘s connected
load, while entire facilities may be dropped due to Goal 5 requirements. Loads may also increase
due to newly constructed facilities or expansion as part of a base comprehensive plan. CHP
plants must be sized accordingly, and maintain positive economic and technical performance
throughout their life cycles. CHP projects will not be able to meet all of these goals
simultaneously, suggesting one of the primary application factors for a CHP project at a USAF
base is integration with the installation comprehensive plan.
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Table 5-7: Energy mandates & goals for USAF ranked according to importance to individual installations
based on case study interaction.
RANK

1

2

3

4

MANDATE / GOAL
Improve energy efficiency
and reduce greenhouse gas
emissions of the agency,
through reduction of
energy intensity; relative to
the baseline of the
agency‘s energy use in
fiscal year 2003

Annual Goals for
electricity generated with
renewables
Ensure that new
construction and major
renovation of agency
buildings comply with the
Federal Leadership in High
Performance and
Sustainable Buildings
Memorandum of
Understanding (2006)

TIMING

(i) 3 percent annually
through the end of
fiscal year 2015, or
(ii) 30 percent by the
end of fiscal year
2015
3% in FY07 – FY09
5% in FY10 – FY12
7.5% in FY13 –
thereafter
25% by 2025 (10
USC 2911)

NOTES

Number one focus point of energy
offices at the majority of bases
interacted with during this study. Site
based energy goal aimed at reducing
consumption.

Significant investments are being made
at USAF bases to augment purchased
electricity with renewable sources.

Immediately

High performance and sustainable
building practices are a focus of both
new construction and renovation of
existing buildings.

Comprehensive energy and
water evaluations of 25%
of covered facilities each
year, so that an evaluation
of each facility is
completed at least once
every four years.

None Specified

This ranking is combined with mandate
for metering of existing and new
facilities. Bases are incorporating
metering as a part of energy studies to
establish baseline consumption and
seek areas of improvement for facility
and process loads. Electric metering
far outpaces water, steam and natural
gas.

Air Force 20/20 by 2020
Strategic Vision

20% reduction of
physical plant that
requires funds by
20%

In addition to the focus on improving
building performance, effectively using
existing spaces while eliminating
inefficient ones is a central part of
USAF base physical plant management
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Chapter 6

Discussion and Conclusions
This thesis addresses three primary research objectives established in Chapter 1 to
evaluate the applicability of combined heat and power at U.S. Air Force installations with
existing district energy systems:
1) Define USAF application and limiting factors for the utilization of CHP systems.
Derive ranked importance of energy mandates and goals affecting CHP system
application.
2) Build on prior CHP application studies with quantitative evaluation of the
expected performance of CHP systems at USAF installations utilizing sitespecific criteria.
3) Conduct a detailed case study with technical and economic CHP application
analysis to support a life-cycle evaluation of source energy options at a USAF
base.
With guidance from the thesis committee, a methodology was established and applied at five U.S.
Air Force installations. A discussion summarizing research findings for these objectives follows
next.

6.1 Research Objective (1)
A review of literature and policy affecting the utilization of CHP at USAF bases shows
these systems can be an effective way to address energy goals and requirements under the right
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circumstances. Level I analysis is performed at five bases to investigate site specific application
factors and understand energy policy priorities at the working level. The bases investigated in
this research generally had aging district heating systems with low natural gas and electric utility
rates, making the climate for CHP application unfavorable. The Level I studies also show bases
with typical U.S. Air Force missions (excluding depot level maintenance) have highly transient
heating and process loads, with some central heat plants shutting down during summer months.
This makes favorable CHP application dependent on the available cooling loads to level thermal
requirements across the year. Electrical load profiles were very flat at all the bases studied, with
the only major increases coming during the summer cooling season, making distributed
generation an easy electrical application. The Level II study at Hill AFB reinforces these points
while adding the complexity of local utility requirements and existing site conditions.
Overall, case study interaction shows the most important energy mandate for bases is site
energy intensity, measured in MMBTU/sf. The most important site specific application factor
was effectively and efficiently meeting base thermal loads with CHP. Energy source efficiency
projects such as plant modifications to CHP can actually increase a base‘s site energy intensity,
limiting application viability. This represents the most significant limiting factor for CHP
application, and requires credit for installations reducing source-based energy consumption to
make CHP viable. The framework for the U.S. Department of Defense GHG emission reduction
goal allows bases to take credit for energy source pollution reduction. The same is required for
source energy reduction to create favorable conditions for CHP application at USAF bases.

6.2 Research Objective (2)
Level I analysis also addresses Objective (2) by summarizing the expected performance
of CHP systems at five U.S. Air Force bases. Technically viable CHP system configurations
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were found for four of the five bases studied, but site conditions must also be taken into account.
Each Level I study identifies base specific advantages and limitations to consider with the
estimated quantitative results. In all these cases, a major capital investment to a base‘s source for
facility heating and process loads would most likely be required in order for CHP to be
considered. The majority of bases have low spark spreads which preclude CHP from being an
economically viable option unless a major capital investment is already required (boiler
replacement, decentralization/elimination of a district heating system, or plant fuel conversion).
Simply creating an energy savings project based on a plant renovation to CHP was generally not
viable unless the existing distribution infrastructure was well-maintained. In cases where
maintaining a district heating system is compared with decentralization, Level I analysis shows a
CHP plant can be a viable life-cycle alternative, but it requires utility pricing, infrastructure
condition, and load requirements to be favorable for application.

6.3 Research Objective (3)
Detailed technical analysis was performed for Hill AFB as part of Objective (3) of this
research to quantify the viability of applying a CHP system. Level II work investigated the O&M
cost barrier suggested during interviews with USAF energy engineers and evaluated the life-cycle
costs of operating a CHP plant at a USAF base. Analysis was performed using a truncated design
year, and included hourly variation in electric and thermal load requirements as well as hourly
changes in prime mover outputs due to site conditions.
The results from Level II analysis at Hill AFB show CHP is a technically viable solution
that cannot be economically justified because of low electric utility rates. An increase to
$0.07/kWh is required to give an acceptable savings to investment ratio and payback period for
CHP. Even with the recent 8.5% increase to high voltage electric service for Hill AFB, further
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escalation to the yearly average electric rate is required before a CHP project should be
considered.
Level II analysis also reinforces the conclusion that CHP application at U.S. Air Force
bases with district energy is typically limited by the thermal design requirements. Load profiles
at all of the bases studied were highly transient, while electrical profiles were extremely stable.
Any U.S. Air Force base considering CHP will require detailed data characterizing their thermal
requirements in order to make the best prime mover selection. Although Hill AFB is not an
economically viable location for CHP, the positive results from technical application are
promising. The bases identified in Table 4-5 with large spark spreads should consider CHP as an
option to reduce their source energy consumption, utility costs and environmental footprint.

6.4 Future Research & Recommendations
Future research into CHP application at USAF bases should expand from the district
energy focus of this thesis. The CHP application metrics study shows the majority of bases with
district energy systems do not meet the minimum spark spread requirements. Every U.S. Air
Force base with district energy interviewed during this research stated they would like to retain
their system. Although bases with district energy represented the most application potential at the
beginning of this research, a study of site-specific application factors has shown the majority of
CHP potential for the U.S. Air Force rests in building or consolidated building systems.
This research draws conclusions based on a limited scope of U.S. Air Force bases, which
is smaller than originally intended. Constraints at individual bases prevented many with district
energy systems from participating in the Level I study. Consequently, the majority of analysis in
this thesis does not support the application of CHP. Level II analysis focuses on the application
of a gas turbine based CHP system. This does not mean the best prime mover for an Air Force
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base is a gas turbine; it is simply the system that produced the best results during the Level I
study at Hill AFB. Applications of IC engines for CHP prime movers at U.S. Air Force bases can
also produce positive results, but effective uses of low-grade jacket cooling energy must be
identified. This proved to be very difficult during this research because site visits were not
possible to all bases.
The application of recovered thermal energy from a CHP prime mover for chilled water
production was investigated at all bases covered in this research. U.S. Air Force bases with
centralized cooling systems or consolidated chilled water plants have a higher application
potential than bases that do not. Many of the bases interviewed during this research indicated
they had year-round chilled water loads. Even in the northern-tier of the U.S., Air Force facilities
exist with year-round cooling loads. It should be noted that absorption chillers were universally
viewed as complicated and unreliable equipment that bases were not interested in operating or
maintaining, and this option was met with substantial skepticism.
Lastly, researching the application of CHP at USAF bases establishes government owned
equipment that is contractor operated to be a positive operating strategy. CHP prime movers are
more specialized equipment than base HVAC shops are typically responsible for maintaining.
Adding this equipment would require additional training programs or contracted personnel to
operate it. Whiteman AFB already contracts out their steam plant operation, so using this option
to support a CHP system is a logical extension. Any investigation of CHP use at a U.S. Air Force
base should evaluate the best method for accomplishing O&M on the system, taking local skill
sets into account.
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6.5 Conclusion
This study of combined heat and power application at U.S. Air Force bases has shown
these systems have the potential to be economically and technically viable at 38 bases within the
U.S. Level I application analysis at five U.S. Air Force bases demonstrates significant
operational savings, efficiency increases, and GHG reductions are possible with CHP. Level II
analysis at Hill AFB presents a methodology for detailed evaluation of CHP system performance.
Research at these locations shows thermal requirements drive CHP application at U.S. Air Force
bases. Other site specific application factors such as O&M capabilities, the presence and
condition of district energy systems, and fuel source availability are identified and must also be
evaluated when considering CHP. Successful CHP application opportunities at U.S. Air Force
bases that are technically and economically viable exist; this research identifies focus areas for
bases to consider and establishes a methodology for evaluating feasibility.
The study of combined heat and power system application at U.S. Air Force bases
evaluates technical solutions that can reduce primary energy consumption, increase mission
critical facility security, bolster homeland defense locations against outside threats, reduce stress
on the national electric grid, and reduce environmental impacts. In FY 2007 alone, Air Force
facility energy consumption cost taxpayers a total of $1.06 billion dollars. Alternative energy
sources are being employed at most major Air Force installations, but they only augment primary
sources. CHP utilization is supported by DoD energy policies, but only when life-cycle cost
effective. CHP market analysis shows the Air Force has the highest technical potential to
implement these systems. This research presents site specific application factors for CHP
systems at U.S. Air Force installations, and characterizes their ability to realize the benefits cited
in this thesis.
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Appendix A

Hill AFB Thermal and Electric Hourly Load Profiles
The following load profiles were constructed as design days for the truncated year in
Level II application analysis. The month of October is broken into two halves due to the large
variation in outside air temperature and steam loads.
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HAFB Jan 2010 Thermal and Electric Load Profiles
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HAFB Feb 2010 Thermal and Electric Load Profiles
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kWh

HAFB Mar 2010 Thermal and Electric Load Profiles
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HAFB Apr 2010 Thermal and Electric Load Profiles
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HAFB May 2010 Thermal and Electric Load Profiles
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HAFB Jun 2010 Thermal and Electric Load Profiles
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HAFB Jul 2010 Thermal and Electric Load Profiles
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HAFB Aug 2010 Thermal and Electric Load Profiles
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HAFB Sep 2010 Thermal and Electric Load Profiles
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HAFB Nov 2010 Thermal and Electric Load Profiles
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HAFB Dec 2010 Thermal and Electric Load Profiles
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Appendix B

Manufacturer’s Data
The following documents are technical data provided by manufacturer‘s application
engineers during the course of this research. The first is the budgetary and performance data
from Solar Turbines, used in Level II application analysis for Hill AFB. The second set is a
sample from selection program outputs provided by Carrier for their single-effect absorption
chillers. The third data set is for the GE Jenbacher J624 IC engine. Lastly, a performance quote
from Rentech Boiler Systems for a HRSG paired with the Taurus 65 gas turbine set used in Level
II analysis is included. General data sheets used in this research are available from company
websites and are not included for brevity. They are available at:
1. http://mysolar.cat.com/
2. http://www.geenergy.com/products_and_services/products/gas_engines_power_generation/index.jsp
3. http://www.commercial.carrier.com/commercial/hvac/carrier/0,3068,CLI1_DIV12_ETI1
2681_MID6040,00.html
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Data Provided by Carrier from Single-Effect Absorption Chiller Selection Program
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Application Data Provided by GE Jenbacher for J624 Unit

0.05 Cooling water circuit
Oil - heat (Engine jacket water cooling circuit)
Nominal output
Max. Oil temperature
Design pressure of engine jacket water
Loss of nominal pressure of engine jacket water
Safety valve - max press. set point

MBTU/hr
°F
psi
psi
psi

1,511
176
145
11.60
50.76

Engine jacket water - heat (Engine jacket water cooling
circuit)
Nominal output
Max. engine jacket water temperature (outlet engine)
Engine jacket water flow rate
Safety valve - max press. set point

MBTU/hr
°F
GPM
psi

1,904
194
375.3
50.76

Mixture Intercooler (1st stage) (Engine jacket water cooling circuit)
Nominal output
Max. inlet cooling water temp. (intercooler)
Design pressure of cooling water
Loss of nominal pressure of engine jacket water
Safety valve - max press. set point

MBTU/hr
°F
psi
psi
psi

4,118
158.0
145
7.25
50.76

Mixture Intercooler (2nd stage) (Low Temperature circuit)
Nominal output
Max. inlet cooling water temp. (intercooler)
Aftercooler water flow rate
Design pressure of cooling water
Intercooler water pressure drop
Safety valve - max press. set point

MBTU/hr
°F
GPM
psi
psi
psi

738
113
176.1
145
8.70
50.76
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Appendix C

CHP Level II Analysis – Alternate Baseline Case
Each CHP system configuration was originally analyzed by comparing performance to
the existing baseline case at Hill AFB; purchasing part of the steam load and producing the
remainder with the Building 260 plant. The costs of meeting the total steam load with a
combined production and purchase exceed the cost to produce the entire steam load with Building
260.
The total steam requirement of 800,097 klb costs $5,209,770 with production and
purchased steam. This cost is calculated using the utility rates detailed in Table 5-1 of Section
5.2 and the FY10 steam purchase contract rate of $7.10/klb. The baseline scenario for cases 1
and 2 in Level II analysis assumes burn plant steam purchasing is no longer available because the
current contract expires in 2014, and the existing plant is near the end of its life-cycle. The
calculated cost of meeting the full 800,097 klb yearly steam load solely with the Building 260
plant is:
$4,492,004.97 (Nat Gas) + $34,873.70 (Makeup Water) + 187,553.81 (Plant O&M)
= $4,774,908.75. This means it costs $434,861.25 dollars less to serve to the total steam load
with the Building 260 plant using May 2010-April 2011 utility rates, which changes financial
results.
Level II analysis comparing CHP system performance to the baseline case of producing
and purchasing steam yields better results than comparing to the costs to meet the entire steam
load with Building 260. This is due to the fact yearly savings are increased. The summary charts
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following this text illustrate the reduced SPB for cases 1 and 2. Case 3 remains the same; its
baseline case is explained in detail in Section 5.3.3.
Using the baseline case described above requires the avoided cost of purchased steam be
taken as a credit in life-cycle cost analysis, which totals of $2,774,771. This is necessary because
operating a CHP system eliminates this purchase, which is currently part of the financial totals for
Hill AFB steam. This cost is discounted each year in BLCC, and no escalation rate is applied.
Table A-1 summarizes BLCC results using the baseline case described in this Appendix.

Table A-1: Level II analysis results from BLCC using alternate baseline case.
First Year
Savings

SPB

Total Discounted Operational
Savings

SIR

AIRR

BLCC Case 1

$1,122,076

11.45

$10,302,364

0.80

2.24%

BLCC Case 2

$1,274,490

12.25

$13,694,893

0.88

2.55%

BLCC Case 3

$761,895

16.87

$16,133,275

1.26

3.78%

It is critical to note the increase in SPB between the non-duct fired and duct fired cases
seen by using this methodology, which is the purpose of this Appendix. The two baseline cases
are:
1) Meet full steam load: [bldg. 260] vs. [CHP + bldg. 260] => SPB goes down when adding
duct-firing to the CHP system. This is presented in Chapter 5: Level II analysis results
2) Meet full steam load: [bldg. 260 + steam purchase] vs. [CHP +bldg. 260] => SPB goes up
when adding duct-firing.
In both cases the first-year savings are increased when adding duct-firing to the CHP system.
BLCC analysis presents this same behavior. Although capital costs increase by using a duct-fired
system, efficiency also increases. A duct-fired HOURSG produces steam at 90% efficiency
while the yearly average for the existing 260 plant is 78%. Since a duct fired system supplies
more of the load at a higher efficiency, the expected result is a decrease in SPB, keeping in mind
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the increased cost of the duct fired CHP system compared with a non-duct fired system. It was
concluded that the baseline case a CHP system should be compared to is one where the building
260 plant is serving the entire steam load; this avoids the requirement to take credit for the
purchased steam load eliminated by installing CHP.
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CASE 1: non-duct fired CHP system vs. baseline of purchase +
produced steam costs
Base Case HAFB Electrical Consumption

kWh
$11,556,188.33

klbs

258,754,560.97

Base Case HAFB Steam Consumption

$5,209,769.52

FY 10 NG Consumption Bldg 260 Plant (MMBTU)

$2,736,741.11

532015.88

MMBTU

Gas Turbine NG Consumption

$2,138,769.39

491339.24

MMBTU

Bldg 260 NG Consumption w/CHP (MMBTU)

$3,398,899.75

782552.23

MMBTU

CHP Electrical Production

$2,072,461.02

46,378,466.45

CHP System Total Steam Production (260 $ rate)

$1,165,904.41

CHP System - Bldg 260 Total Steam Cost (O&M + Water + NG)

$3,694,599.40

Net Electrical Consumption w/ CHP

$9,483,727.31

Net Heat Cost w/CHP

$5,833,368.79

Heat and Power Yearly Cost - No CHP

$16,765,957.85

Heat and Power Yearly Cost - CHP

$15,317,096.10

Yearly Savings
SOLAR: Installed Cost w/Heat Recovery ($/kW)
Yearly O&M costs - Solar quote ($/kWh)
Investment - adjusted for USAF SIOH (10%) + Design (6%) + Facility
Yearly Expenditures
Yearly Savings

2213

$13,919,770.00

$0.0093

$429,024.00

$12,851,988.00
$429,024.00
$1,019,837.75
17.92%

Percentage of Total HAFB Steam Load met by CHP System

24.38%

Average CHP System Efficiency

195084.71

$1,448,861.75

Percentage of Total HAFB Electrical Load met by CHP System
SPB (yrs)

800,097.00

12.60
71.87%
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CASE 2: duct-fired CHP system vs. baseline of purchase +
produced steam costs
Base Case HAFB Electrical Consumption

kWh
$11,556,188.33

klbs

258,754,560.97

Base Case HAFB Steam Consumption

$5,209,769.52

FY 10 NG Consumption Bldg 260 Plant (MMBTU)

$2,736,741.11

532015.88

MMBTU

Gas Turbine NG Consumption

$3,736,748.62

861885.83

MMBTU

Bldg 260 NG Consumption w/CHP (MMBTU)

$1,739,371.46

398091.75

MMBTU

CHP Electrical Production

$2,072,461.02

46,378,466.45

CHP System Total Steam Production (260 $ rate)

$2,679,039.63

CHP System - Bldg 260 Total Steam Cost (O&M + Water + NG)

$1,942,799.45

Net Electrical Consumption w/ CHP

$9,483,727.31

Net Heat Cost w/CHP

$5,679,548.07

Heat and Power Yearly Cost - No CHP

$16,765,957.85

Heat and Power Yearly Cost - CHP

$15,163,275.37

Yearly Savings
SOLAR: Installed Cost w/Heat Recovery ($/kW)
Yearly O&M costs - Solar quote ($/kWh)
Investment - adjusted for USAF SIOH (10%) + Design (6%) +
Facility
Yearly Expenditures
Yearly Savings

2213

$13,919,770.00

$0.0093

$429,024.00

$15,618,124.00
$429,024.00
$1,173,658.48
17.92%

Percentage of Total HAFB Steam Load met by CHP System

61.58%

Average CHP System Efficiency

492735.20

$1,602,682.48

Percentage of Total HAFB Electrical Load met by CHP System
SPB (yrs)

800,097.00

13.31
74.68%
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Case 3: non-duct fired CHP system with purchase steam vs.
baseline of purchase + produced steam costs
Base Case HAFB Electrical Consumption

kWh
$11,556,188.33

klbs

258,754,560.97

Base Case HAFB Steam Consumption

$5,209,769.52

FY 10 NG Consumption Bldg 260 Plant (MMBTU)

$2,736,741.11

532015.88

MMBTU

Gas Turbine NG Consumption

$2,138,769.39

491339.24

MMBTU

Bldg 260 NG Consumption w/CHP (MMBTU)

$1,684,626.00

384330.92

MMBTU

CHP Electrical Production

$2,072,461.02

46,378,466.45

CHP System Total Steam Production (260 $ rate)

$1,165,904.41

CHP System - Bldg 260 Total Steam Cost (O&M + Water + NG)

$1,857,155.94

CHP System - WIWMD Steam Purchase

$2,185,657.83

Net Electrical Consumption w/ CHP

$9,483,727.31

Net Heat Cost w/CHP

$6,181,583.16

Heat and Power Yearly Cost - No CHP

$16,765,957.85

Heat and Power Yearly Cost - CHP

$15,665,310.47

Yearly Savings
SOLAR: Installed Cost w/Heat Recovery ($/kW)
Yearly O&M costs - Solar qoute ($/kWh)
Investment - adjusted for USAF SIOH (10%) + Design (6%) + Facility

2213

$13,919,770.00

$0.0093

$429,024.00

$12,851,988.00
$429,024.00

Yearly Savings

$671,623.38

Percentage of Total HAFB Electrical Load met by CHP System

17.92%

Percentage of Total HAFB Steam Load met by CHP System

24.38%

Average CHP System Efficiency

195084.71

$1,100,647.38

Yearly Expenditures

SPB (yrs)

800,097.00

19.14
71.87%

Appendix D

GHG Emissions Analysis
The following sections of GHG emissions analysis are for the best performing
Level I CHP systems for each base, shown in the table below and summarized at the end of
Chapter 4. The CHP Emissions Calculator was used from the EPA Combined Heat and Power
Partnership website at http://www.epa.gov/chp/basic/calculator.html.

BASE

JB
AnacostiaBolling

PRIME
MOVER
GT +
CHW

Malmstrom
AFB
Whiteman
AFB

EFFICIENCY
(%)

CO2
Reduction
(tons/yr)

4.76

74.79

11,065

(1) J624 GE Jenbacher unit with
single-stage absorption chiller

3.69

67.55

27,448

Solar Taurus 65

5.59

80.97

48,377

(5) J624 GE Jenbacher units
with single-stage absorption
chiller

11.27

61.48

124,812

Solar Centaur 40, duct-fired.

6.97

77.83

18,374

(5) J624 GE Jenbacher units
with single-stage absorption
chiller

9.85

65.29

54,950

GT

Solar Centaur 40

(-)

68.21

17,523

IC

NA

GT

Solar Mercury 50

IC +
CHW

IC +
CHW
GT

Robins AFB

SPB

Solar Saturn 20 unit, duct-fired

GT
Hill AFB

BEST PERFORMING CHP
SYSTEM

IC +
CHW

IC +
CHW

(2) J624 GE Jenbacher units
with single-stage absorption
chiller

NA

NA

NA

5.61

72.63

30,260

12.92

61.57

40,334

Note: Individual level 1 analysis results summary charts show CHP system specifics
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1) JBAB: GT + CHW case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
18.87
0.08
15,577
3,852
266,957

Displaced
Electricity
Production
23.57
52.18
15,687
3,879
194,049

Displaced
Thermal
Production
9.39
0.06
10,954
2,709
187,736

Number of Cars Removed

Emissions/Fuel
Reduction
14.08
52.15
11,065
2,736
114,827

Percent Reduction
43%
100%
42%
42%
30%

1,828

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 11,065 tons per year
This is equal to 2,736 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 1,828 cars

2) JBAB: IC + CHW case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
27.23
0.07
13,968
3,454
239,388

Displaced
Electricity
Production
62.21
137.75
41,416
10,240
512,309

Displaced
Thermal
Production
0.00
0.00
1
0
14

Number of Cars Removed

Emissions/Fuel
Reduction
34.98
137.68
27,448
6,787
272,935
4,534

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 27,448 tons per year
This is equal to 6,787 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 4,534 cars

Percent Reduction
56%
100%
66%
66%
53%
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3) HAFB: GT case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
48.61
0.29
57,027
14,100
977,325

Displaced
Electricity
Production
106.60
55.74
60,429
14,942
596,190

Displaced
Thermal
Production
38.54
0.23
44,974
11,120
770,770

Number of Cars Removed

Emissions/Fuel
Reduction
96.53
55.68
48,377
11,962
389,634

Percent Reduction
67%
99%
46%
46%
29%

7,990

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 48,377 tons per year
This is equal to 11,962 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 7,990 cars

4) HAFB: IC + CHW case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
150.95
0.39
77,424
19,144
1,326,892

Displaced
Electricity
Production
343.20
179.45
194,552
48,105
1,919,436

Displaced
Thermal
Production
6.58
0.04
7,684
1,900
131,689

Number of Cars Removed

Emissions/Fuel
Reduction
198.84
179.10
124,812
30,861
724,232
20,615

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 124,812 tons per year
This is equal to 30,861 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 20,615 cars

Percent Reduction
57%
100%
62%
62%
35%
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5) RAFB: GT case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
19.63
0.26
51,889
12,830
889,274

Displaced
Electricity
Production
27.74
151.21
22,426
5,545
231,882

Displaced
Thermal
Production
40.99
0.24
47,838
11,828
819,844

Number of Cars Removed

Emissions/Fuel
Reduction
49.10
151.19
18,374
4,543
162,452

Percent Reduction
71%
100%
26%
26%
15%

3,035

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 18,374 tons per year
This is equal to 4,543 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 3,035 cars

6) RAFB: IC + CHW case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
150.95
0.39
77,424
19,144
1,326,892

Displaced
Electricity
Production
163.72
892.58
132,374
32,731
1,368,743

Displaced
Thermal
Production
0.00
0.00
0
0
2

Number of Cars Removed

Emissions/Fuel
Reduction
12.78
892.19
54,950
13,587
41,852
9,076

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 54,950 tons per year
This is equal to 13,587 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 9,076 cars

Percent Reduction
8%
100%
42%
42%
3%
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7) MAFB: GT case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
21.80
0.08
15,267
3,775
261,644

Displaced
Electricity
Production
42.18
22.51
22,994
5,685
224,285

Displaced
Thermal
Production
18.96
93.32
9,796
2,422
94,787

Number of Cars Removed

Emissions/Fuel
Reduction
39.33
115.75
17,523
4,333
57,429
2,894

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 17,523 tons per year
This is equal to 4,333 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 2,894 cars

8) MAFB: IC case not evaluated

Percent Reduction
64%
100%
53%
53%
18%
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9) WAFB: GT case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
49.24
0.22
42,657
10,547
731,056

Displaced
Electricity
Production
59.45
136.48
38,812
9,597
384,226

Displaced
Thermal
Production
29.22
0.17
34,105
8,433
584,491

Number of Cars Removed

Emissions/Fuel
Reduction
39.43
136.43
30,260
7,482
237,661

Percent Reduction
44%
100%
41%
41%
25%

4,998

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 30,260 tons per year
This is equal to 7,482 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 4,998 cars

10) WAFB: IC + CHW case

CHP Results

The results generated by the CHP Emissions Calculator are intended for eductional and outreach purposes only;
it is not designed for use in developing emission inventories or preparing air permit applications.

The results of this analysis have not been reviewed or endorsed by the EPA CHP Partnership.
Annual Emissions Analysis

NOx (tons/year)
SO2 (tons/year)
CO2 (tons/year)
Carbon (metric tons/year)
Fuel Consumption (MMBtu/year)

CHP System
60.38
0.16
30,970
7,658
530,757

Displaced
Electricity
Production
104.73
240.44
68,379
16,907
676,923

Displaced
Thermal
Production
2.51
0.01
2,925
723
50,127

Number of Cars Removed

Emissions/Fuel
Reduction
46.86
240.30
40,334
9,973
196,293
6,662

This CHP project will reduce emissions of Carbon Dioxide (CO2) by 40,334 tons per year
This is equal to 9,973 metric tons of carbon equivalent (MTCE) per year
This reduction is equal to
removing the carbon emissions
of 6,662 cars

Percent Reduction
44%
100%
57%
57%
27%

Appendix E

State of Utah Utility Information
Data from the Utah Public Service Commission at http://www.psc.state.ut.us/index.html
is included for reference. Rate history for electric and natural gas utilities is shown. The most up
to date utility service schedules can be found at
http://www.rockymountainpower.net/about/rar/uri.html. The applicable rate schedules for Hill
AFB are #9 (general high voltage service) and #31 (back up maintenance and supplementary
power). The most recent schedule #9 is included for reference; this schedule experienced a rate
increase following Level II analysis at Hill AFB.

Financial incentives for Utah can be found at:
http://www.dsireusa.org/incentives/index.cfm?getRE=1?re=undefined&ee=1&spv=0&st=0&srp=
1&state=UT. None of the state or utility rebate programs currently offer incentives for CHP
system installation. The Database of State Incentives for Renewables & Efficiency summarizes
the Utah as the following:

―Utah requires the state's only investor-owned utility, Rocky Mountain Power (RMP), and
most electric cooperatives* to offer net metering to customers who generate electricity using solar
energy, wind energy, hydropower, hydrogen, biomass, landfill gas, geothermal energy, waste gas
or waste heat capture and recovery. The bill that established net metering also established some
basic rules for interconnection. In April 2010, the Utah Public Service Commission (PSC)
adopted final rules for interconnection. The rules described below took effect April 30, 2010.
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Utah‘s interconnection rules are based on the Federal Energy Regulatory Commission‘s (FERC)
interconnection standards for small generators, adopted in May 2005 by FERC Order 2006.
Utah's rules for interconnection include provisions for three levels of interconnection for systems
up to 20 MW in capacity, based on system complexity.‖
Interconnection requirements, standards and review procedures are divided into three levels:

Level 1 Interconnection applies to inverter-based systems with a maximum capacity of
25 kilowatts (kW). These systems must comply with the IEEE 1547 and UL 1741
standards, and other applicable standards. An external disconnect switch is not required.
Level 2 Interconnection applies to systems with a maximum capacity of 2 MW that fail
to qualify for Level 1 interconnection. These systems also must comply with the IEEE
1547 and UL 1741 standards, and must be connected to the distribution grid. An external
disconnect switch may be required. There are specific limitations on a single system's
potential impact and the aggregate potential impact on the grid under Level 2
interconnection, and the review process is more involved than the review process for
Level 1 interconnection.
Level 3 Interconnection applies to systems up to 20 MW that do not qualify for either
Level 1 or Level 2 interconnection. Level 3 interconnection may require studies
involving project scope, feasibility, grid impact. Any study fees will be invoiced to the
interconnection customer, but are not to exceed 125% of the utility's non-binding "good
faith estimate" of the cost of the study.
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The State of Utah government website detailing statewide interconnection rules is:
http://www.rules.utah.gov/publicat/code/r746/r746-312.htm.
The following highlights are part of the screening criteria for interconnection review studies:
Disconnect Switch. Except for the exemptions listed below, an interconnection customer
of a public utility must install and maintain a manual disconnect switch which will
disconnect the generating facility from the public utility's distribution system. The
disconnect switch must be a lockable, load-break switch that plainly indicates whether it
is in the open or closed position. The disconnect switch must be readily accessible to the
public utility at all times and located within 10 feet of the public utility's meter.
A generating facility's point of common coupling must be on a portion of the public
utility's distribution system which is under the interconnection jurisdiction of the
commission and not be on a transmission line.
The proposed generating facility, in aggregation with other generation on the distribution
circuit to which the proposed generating facility will interconnect, must not contribute
more than 10 percent to the distribution circuit's maximum fault current at the point on
the high voltage (primary) level nearest the proposed point of common coupling.
For interconnection of a proposed generating facility to a radial distribution circuit, the
aggregate generation on the distribution circuit, including the proposed generating
facility, must not exceed 15 percent of the distribution circuit's total highest annual peak
load, as measured at the substation. For the purposes of this subsection, annual peak load
will be based on measurements taken over the 60 months previous to the submittal of the
application, measured for the circuit at the nearest applicable substation.
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The aggregate generation capacity on the distribution circuit to which the proposed
generating facility will interconnect, including the capacity of the proposed generating
facility, must not cause any distribution protective equipment (including, but not limited
to, substation breakers, fuse cutouts, and line reclosers), or customer equipment on the
electric distribution system, to exceed 90 percent of the short circuit interrupting
capability of the equipment. In addition, a proposed generating facility must not be
connected to a circuit which already exceeds 90 percent of the circuit's short circuit
interrupting capability, prior to interconnection of the facility.
No construction of facilities by the public utility on its own system shall be required to
accommodate the generating facility.
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Appendix F

Applicable PURPA Law
SOURCE: Electronic Code of Federal Regulations – 1 OCT 11
http://ecfr.gpoaccess.gov/cgi/t/text/textidx?c=ecfr&sid=5517216c22de672592192e81dcc97726&rgn=div5&view=text&node=18:1.0.
1.11.58&idno=18#18:1.0.1.11.58.2.27.3
Title 18 – Conservation of Power and Water Resources, Part 292: REGULATIONS UNDER
SECTIONS 201 AND 210 OF THE PUBLIC UTILITY REGULATORY POLICIES ACT OF 1978
WITH REGARD TO SMALL POWER PRODUCTION AND COGENERATION

§ 292.203 General requirements for qualification.
(a) Small power production facilities. Except as provided in paragraph (c) of this section,
a small power production facility is a qualifying facility if it:
(1) Meets the maximum size criteria specified in §292.204(a);
(2) Meets the fuel use criteria specified in §292.204(b); and
(3) Unless exempted by paragraph (d), has filed with the Commission a notice of selfcertification, pursuant to §292.207(a); or has filed with the Commission an application
for Commission certification, pursuant to §292.207(b)(1), that has been granted.
(b) Cogeneration facilities. A cogeneration facility, including any diesel and dual-fuel
cogeneration facility, is a qualifying facility if it:
(1) Meets any applicable standards and criteria specified in §§292.205(a), (b) and (d); and
(2) Unless exempted by paragraph (d), has filed with the Commission a notice of selfcertification, pursuant to §292.207(a); or has filed with the Commission an application
for Commission certification, pursuant to §292.207(b)(1), that has been granted.
(c) Hydroelectric small power production facilities located at a new dam or diversion. (1)
A hydroelectric small power production facility that impounds or diverts the water of a
natural watercourse by means of a new dam or diversion (as that term is defined in
§292.202(p)) is a qualifying facility if it meets the requirements of:
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(i) Paragraph (a) of this section; and
(ii) Section 292.208.
(2) [Reserved]
(d) Exemptions and waivers from filing requirement. (1) Any facility with a net power
production capacity of 1 MW or less is exempt from the filing requirements of
paragraphs (a)(3) and (b)(2) of this section.
(2) The Commission may waive the requirement of paragraphs (a)(3) and (b)(2) of this
section for good cause. Any applicant seeking waiver of paragraphs (a)(3) and (b)(2) of
this section must file a petition for declaratory order describing in detail the reasons
waiver is being sought.
[Order 732, 75 FR 15965, Mar. 30, 2010]

§ 292.205 Criteria for qualifying cogeneration facilities.
(a) Operating and efficiency standards for topping-cycle facilities —(1) Operating
standard. For any topping-cycle cogeneration facility, the useful thermal energy output of
the facility must be no less than 5 percent of the total energy output during the 12-month
period beginning with the date the facility first produces electric energy, and any calendar
year subsequent to the year in which the facility first produces electric energy.
(2) Efficiency standard. (i) For any topping-cycle cogeneration facility for which any of
the energy input is natural gas or oil, and the installation of which began on or after
March 13, 1980, the useful power output of the facility plus one-half the useful thermal
energy output, during the 12-month period beginning with the date the facility first
produces electric energy, and any calendar year subsequent to the year in which the
facility first produces electric energy, must:
(A) Subject to paragraph (a)(2)(i)(B) of this section be no less than 42.5 percent of the
total energy input of natural gas and oil to the facility; or
(B) If the useful thermal energy output is less than 15 percent of the total energy output
of the facility, be no less than 45 percent of the total energy input of natural gas and oil to
the facility.
(ii) For any topping-cycle cogeneration facility not subject to paragraph (a)(2)(i) of this
section there is no efficiency standard.
(b) Efficiency standards for bottoming-cycle facilities. (1) For any bottoming-cycle
cogeneration facility for which any of the energy input as supplementary firing is natural
gas or oil, and the installation of which began on or after March 13, 1980, the useful
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power output of the facility during the 12-month period beginning with the date the
facility first produces electric energy, and any calendar year subsequent to the year in
which the facility first produces electric energy must be no less than 45 percent of the
energy input of natural gas and oil for supplementary firing.
(2) For any bottoming-cycle cogeneration facility not covered by paragraph (b)(1) of this
section, there is no efficiency standard.
(c) Waiver. The Commission may waive any of the requirements of paragraphs (a) and
(b) of this section upon a showing that the facility will produce significant energy
savings.
(d) Criteria for new cogeneration facilities. Notwithstanding paragraphs (a) and (b) of
this section, any cogeneration facility that was either not a qualifying cogeneration
facility on or before August 8, 2005, or that had not filed a notice of self-certification or
an application for Commission certification as a qualifying cogeneration facility under
§292.207 of this chapter prior to February 2, 2006, and which is seeking to sell electric
energy pursuant to section 210 of the Public Utility Regulatory Policies Act of 1978, 16
U.S.C. 824a–1, must also show:
(1) The thermal energy output of the cogeneration facility is used in a productive and
beneficial manner; and
(2) The electrical, thermal, chemical and mechanical output of the cogeneration facility is
used fundamentally for industrial, commercial, residential or institutional purposes and is
not intended fundamentality for sale to an electric utility, taking into account
technological, efficiency, economic, and variable thermal energy requirements, as well as
state laws applicable to sales of electric energy from a qualifying facility to its host
facility.
(3) Fundamental use test. For the purpose of satisfying paragraph (d)(2) of this section,
the electrical, thermal, chemical and mechanical output of the cogeneration facility will
be considered used fundamentally for industrial, commercial, or institutional purposes,
and not intended fundamentally for sale to an electric utility if at least 50 percent of the
aggregate of such output, on an annual basis, is used for industrial, commercial,
residential or institutional purposes. In addition, applicants for facilities that do not meet
this safe harbor standard may present evidence to the Commission that the facilities
should nevertheless be certified given state laws applicable to sales of electric energy or
unique technological, efficiency, economic, and variable thermal energy requirements.
(4) For purposes of paragraphs (d)(1) and (2) of this section, a new cogeneration facility
of 5 MW or smaller will be presumed to satisfy the requirements of those paragraphs.
(5) For purposes of paragraph (d)(1) of this section, where a thermal host existed prior to
the development of a new cogeneration facility whose thermal output will supplant the
thermal source previously in use by the thermal host, the thermal output of such new
cogeneration facility will be presumed to satisfy the requirements of paragraph (d)(1).
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[45 FR 17972, Mar. 20, 1980, as amended by Order 478, 52 FR 28467, July 30, 1987;
Order 575, 60 FR 4857, Jan. 25, 1995; Order 671, 71 FR 7868, Feb. 15, 2006; Order 732,
75 FR 15966, Mar. 30, 2010; 76 FR 50663, Aug. 16, 2011]

§ 292.207 Procedures for obtaining qualifying status.
(a) Self-certification. The qualifying facility status of an existing or a proposed facility
that meets the requirements of §292.203 may be self-certified by the owner or operator of
the facility or its representative by properly completing a Form No. 556 and filing that
form with the Commission, pursuant to §131.80 of this chapter, and complying with
paragraph (c) of this section.
(b) Optional procedure —(1) Application for Commission certification. In lieu of the
self-certification procedures in paragraph (a) of this section, an owner or operator of an
existing or a proposed facility, or its representative, may file with the Commission an
application for Commission certification that the facility is a qualifying facility. The
application must be accompanied by the fee prescribed by part 381 of this chapter, and
the applicant for Commission certification must comply with paragraph (c) of this
section.
(2) General contents of application. The application must include a properly completed
Form No. 556 pursuant to §131.80 of this chapter.
(3) Commission action. (i) Within 90 days of the later of the filing of an application or the
filing of a supplement, amendment or other change to the application, the Commission
will either: Inform the applicant that the application is deficient; or issue an order
granting or denying the application; or toll the time for issuance of an order. Any order
denying certification shall identify the specific requirements which were not met. If the
Commission does not act within 90 days of the date of the latest filing, the application
shall be deemed to have been granted.
(ii) For purposes of paragraph (b) of this section, the date an application is filed is the
date by which the Office of the Secretary has received all of the information and the
appropriate filing fee necessary to comply with the requirements of this Part.
(c) Notice requirements —(1) General. An applicant filing a self-certification, selfrecertification, application for Commission certification or application for Commission
recertification of the qualifying status of its facility must concurrently serve a copy of
such filing on each electric utility with which it expects to interconnect, transmit or sell
electric energy to, or purchase supplementary, standby, back-up or maintenance power
from, and the State regulatory authority of each state where the facility and each affected
electric utility is located. The Commission will publish a notice in the Federal Register
for each application for Commission certification and for each self-certification of a
cogeneration facility that is subject to the requirements of §292.205(d).
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(2) Facilities of 500 kW or more. An electric utility is not required to purchase electric
energy from a facility with a net power production capacity of 500 kW or more until 90
days after the facility notifies the facility that it is a qualifying facility or 90 days after the
utility meets the notice requirements in paragraph (c)(1) of this section.
(d) Revocation of qualifying status. (1)(i) If a qualifying facility fails to conform with any
material facts or representations presented by the cogenerator or small power producer in
its submittals to the Commission, the notice of self-certification or Commission order
certifying the qualifying status of the facility may no longer be relied upon. At that point,
if the facility continues to conform to the Commission's qualifying criteria under this
part, the cogenerator or small power producer may file either a notice of selfrecertification of qualifying status pursuant to the requirements of paragraph (a) of this
section, or an application for Commission recertification pursuant to the requirements of
paragraph (b) of this section, as appropriate.
(ii) The Commission may, on its own motion or on the motion of any person, revoke the
qualifying status of a facility that has been certified under paragraph (b) of this section, if
the facility fails to conform to any of the Commission's qualifying facility criteria under
this part.
(iii) The Commission may, on its own motion or on the motion of any person, revoke the
qualifying status of a self-certified or self-recertified qualifying facility if it finds that the
self-certified or self-recertified qualifying facility does not meet the applicable
requirements for qualifying facilities.
(2) Prior to undertaking any substantial alteration or modification of a qualifying facility
which has been certified under paragraph (b) of this section, a small power producer or
cogenerator may apply to the Commission for a determination that the proposed
alteration or modification will not result in a revocation of qualifying status. This
application for Commission recertification of qualifying status should be submitted in
accordance with paragraph (b) of this section.
[45 FR 17972, Mar. 20, 1980]
Editorial Note: For Federal Register citations affecting §292.207, see the List of CFR Sections
Affected, which appears in the Finding Aids section of the printed volume and at www.fdsys.gov.

Appendix G

Excerpts from 42 USC Section 8287c
EISA 2007 Amendment Language to 42 USC Section 8287c
SEC. 515. DEFINITION OF ENERGY SAVINGS.
Section 804(2) of the National Energy Conservation Policy Act (42
U.S.C. 8287c(2)) is amended-(1) by redesignating subparagraphs (A), (B), and (C) as clauses (i), (ii), and (iii),
respectively, and indenting appropriately;
(2) by striking ``means a reduction'' and inserting ``means--``(A) a reduction'';
(3) by striking the period at the end and inserting a
semicolon; and
(4) by adding at the end the following:
``(B) the increased efficient use of an existing energy source by cogeneration or heat
recovery;
``(C) if otherwise authorized by Federal or State law (including regulations), the sale
or transfer of electrical or thermal energy generated on-site from renewable
energy sources or cogeneration, but in excess of Federal needs, to utilities or
non-Federal energy users; and
``(D) the increased efficient use of existing water sources in interior or exterior
applications.''.
U.S. Code Amended Language – Definition of “Energy Conservation Measure”
42 USC Sec. 8259

01/07/2011 (111-383)

-EXPCITETITLE 42 - THE PUBLIC HEALTH AND WELFARE
CHAPTER 91 - NATIONAL ENERGY CONSERVATION POLICY
SUBCHAPTER III - FEDERAL ENERGY INITIATIVE
Part B - Federal Energy Management
-HEADSec. 8259. Definitions
-STATUTEFor the purposes of this part (1) the term "agency" has the meaning given it in section 551(1) of title 5;
(2) the term "construction" means new construction or substantial rehabilitation of existing
structures;
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(3) the term "cogeneration facilities" has the same meaning given such term in section
796(18)(A) of title 16;
(4) the term "energy conservation measures" means measures that are applied to a Federal
building that improve energy efficiency and are life cycle cost effective and that involve
energy conservation, cogeneration facilities, renewable energy sources, improvements in
operations and maintenance efficiencies, or retrofit activities;
U.S. Code Amended Language
42 USC Sec. 8287c

01/07/2011 (111-383)

-EXPCITETITLE 42 - THE PUBLIC HEALTH AND WELFARE
CHAPTER 91 - NATIONAL ENERGY CONSERVATION POLICY
SUBCHAPTER VII - ENERGY SAVINGS PERFORMANCE CONTRACTS
-HEADSec. 8287c. Definitions
-STATUTEFor purposes of this subchapter, the following definitions apply:
(1) The term "Federal agency" means each authority of the Government of the United States,
whether or not it is within or subject to review by another agency.
(2) The term "energy savings" means (A) a reduction in the cost of energy, water, or wastewater treatment, from a base cost
established through a methodology set forth in the contract, used in an existing
federally owned building or buildings or other federally owned facilities as a result of (i) the lease or purchase of operating equipment, improvements, altered operation and
maintenance, or technical services;
(ii) the increased efficient use of existing energy sources by cogeneration or heat recovery,
excluding any cogeneration process for other than a federally owned building or
buildings or other federally owned facilities; or
(iii) the increased efficient use of existing water sources in either interior or exterior
applications;
(B) the increased efficient use of an existing energy source by cogeneration or heat
recovery;
(C) if otherwise authorized by Federal or State law (including regulations), the sale or
transfer of electrical or thermal energy generated on-site from renewable energy
sources or cogeneration, but in excess of Federal needs, to utilities or non-Federal
energy users; and
(D) the increased efficient use of existing water sources in interior or exterior applications.
(3) The terms "energy savings contract" and "energy savings performance contract" mean a
contract that provides for the performance of services for the design, acquisition,
installation, testing, and, where appropriate, operation, maintenance, and repair, of an
identified energy or water conservation measure or series of measures at 1 or more
locations. Such contracts shall, with respect to an agency facility that is a public building
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(as such term is defined in section 3301 of title 40), be in compliance with the
prospectus requirements and procedures of section 3307 of title 40.
(4) The term "energy or water conservation measure" means (A) an energy conservation measure, as defined in section 8259 of this title; or
(B) a water conservation measure that improves the efficiency of water use, is life-cycle
cost-effective, and involves water conservation, water recycling or reuse, more efficient
treatment of wastewater or stormwater, improvements in operation or maintenance
efficiencies, retrofit activities, or other related activities, not at a Federal hydroelectric
facility.

